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SOME TROPICAL WHARF CONSTRUCTION 


By T. Howarp Barnes,* MemBer, Boston Society or Crvit ENGINEERS 


(Presented October 15, 1924) 


IN volume LXVI of the Transactions of the American 
Society of Civil Engineers the writer described the construction 
in 1907-08 of the concrete wharf at Almirante, Province of 
Bocas del Toro, Republic of Panama. 

Studies for other wharves having culminated in their con- 
struction it may be of interest to make brief coco thereof, 
together with notes on their maintenance. 

(1): At Puerto Barrios, Guatemala, for the International 
Railways of Central America; in 1910, repairing and widening 
an existing creosoted wooden approach and adapting the head 
to conform to an extension (made in 1912-13) of reinforced 
concrete construction founded on yellow pine piles, with a steel 
warehouse and shed roofed: with corrugated asbestos cement 
sheets. =... 
(2) At La eee El Salvador, in 1912-13-14, for the Inter- 
national Railways of Central America; of reinforced concrete 
throughout, with a steel warehouse roofed with corrugated asbes- 
tos cement sheets. 

(3) At Tela, Republic of Hoadurasi Be the Tela Railroad 
Company, in 1913-14; of creosoted yellow pine, with protective 


bd Consulting Engineer, 17 Battery Place, New York City. 


385 


386 BOSTON SOCIETY OF CIVIL ENGINEERS. 


belts of reinforced cement mortar on the piles over the exposed 
zone and with a stiffening belt of reinforced concrete along one 
side and about the head of the wharf. 

(4) At Almirante, Panama, for the United Fruit Company, 
in 1914-15; an extension of reinforced concrete supported by 
yellow pine piles as in the original, but with some modifications 
in form and sizes. 

(5) At MacKenzie, on the Demerara River in British 
Guiana, for the Demerara Bauxite Company, in 1919; of green 
heart piles and other native woods. 

(6) At Puerto Cortes, in the Republic of Honduras, for 
the Cuyamel Fruit Company, in 1919-20; of reinforced con- 
crete piles with floor system of the same, with a structural steel 
shed. 

(7) At Covefias, on the Gulf of Morrosquillo, Colombia, 
South America, for the Colombia Products Company, in 1921-22; 
patterned after the wharf at Tela in Honduras with respect to 
pile protection. 


,(1) PurErto Barrios, GUATEMALA 


Puerto Barrios is the railroad terminal on the Atlantic 
Coast of Guatemala. The harbor is fully protected and ample 
in size. In 1894 a narrow wharf of creosoted yellow pine was 
built, extending 1,000 feet into the bay, and affording 18 to 20 
feet of water at the head. The approach was a single track 
branching into three tracks at the head, the dimensions of which 
were about 50 feet by 200 feet. 

Foundation. — The sea bottom is a bed of soft ooze, stiffen- 
ing to a firm resistance after penetration of about 30 feet by a 
pile under its own weight plus that of a 3,800 pound steam 
hammer. This condition occasioned doubt at the time of 
sounding as to the possibility of using concrete, with its conse- 
quent dead weight. But reliance was had on ability to secure 
a sufficient number of long piles from Louisiana and the con- 
crete type was adhered to for the extension. 

Decision as to the necessary length of piles was based first 


on observation of the driving of some repair piles in 1908 and 
also on the work done in 1910. 
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In 1910 the head of the old wharf was widened by the use 
of creosoted yellow pine adapted to give a deflection of 27° to 
the right, and suitable for track leads to the future extension. 
At the same time a new berth for shallow draft ships was made 
by widening the outer stretch of the neck next to the head. 

Observation of the destruction by the Teredos and Limnoria 
upon the original piles, then sixteen years old, showed the 
ravages to be largely confined to the zone at or near the surface 
of the water. This is believed to be due to the frequent turbid 
condition caused by the silt-bearing waters of two small streams 
entering near by. This corresponds with observations elsewhere 
in waters, both tropical and temperate, that marine pests thrive 
best where turbidity is absent. 

The newly driven piles were protected by a belt, about 
eight feet wide, of yellow metal, with the exception of a score 
or so for which the belt was of cement mortar laid over poultry 
mesh and half-driven nails. 

The metal used was No. 20 gauge, 40 per cent copper and 
60 per cent zinc, applied over ship’s felt. In the case of the 
cement mortar, it was applied by hand over a layer of poultry 
wire, No. 16 gauge and 14-inch mesh. Before wrapping the 
fabric about the pile 16d wire nails were driven half way into 
the wood at'5 or 6 inch spacings each way, and then bent over, 
so that the poultry wire should lie outside and’ not in contact 
with the wood. 

The mortar coat was about 3 of an inch thick and intended 
to hold the poultry wire and nail ends completely imbedded in 
its mass. That this feature was indispensable developed in 
some instances during driving, when some mortar fell off in 
patches, revealing the fact that the wire was in such close 
contact with the wood that the mortar did not get under it. 
Nevertheless, the possibilities of this kind of protection were 
demonstrated, and this method was used in the protection of 
the piles in the Tela wharf. In 1912 the construction of the 
concrete extension was authorized, and the materials were 
ordered in January of that year. 

Stone and Sand. — A quarry of trap rock was opened at a 
point six miles up the railroad. The rough stone was loaded 
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into cars from a gravity tipple and brought to the plant for 
crushing. The sand was of a clean coarse silicious quality and 
was brought over by boat from a point on the opposite shore 
of the bay. 

Piles. — As in the Almirante wharf, bearing piles of un- 
treated yellow pine were utilized for the foundation. The 
lengths ranged from 85 to 95 feet, some few being 97 feet long. 
There was much difficulty in securing suitable sticks, the require- 
ments as to shape and dimensions being exacting. The specifi- 
cations called for a continual taper from butt to point; points 
6 inches minimum diameter; no sharp yanks; no bows greater 
than the diameter of the pile; minimum diameter at butts 16 
inches, and to be hewed down to 16 inches if materially more 
than that. 

A No. 3 Vulcan steam hammer was used in driving. - This 
was mounted on a floating driver built in 1910 on the spot for 
the work begun that year. The hammer weighed 3,800 pounds 
gross, the hammer proper being 1,800 pounds with 30-inch drop. 

The piles were spaced 7 feet apart in the bents, the latter 
being on 9 feet centers. The distance remaining to be driven 
after the hammer weight had taken effect was about 35 feet. 
The last blows generally produced a penetration of an inch, 
or sometimes two inches, which was rather large. However, it 
was estimated from. tests made in 1908 that the unusual pene- 
tration, 60 feet or more, would hia friction sufficient to 
carry the proposed loads. . 

Cylinders. — As shown by the plan the wooden piles were 
encased by cement cylinders filled with concrete solidly about 
and over the tops of the piles. These cylinders were made 23 
inches in thickness of shell; inside diameter 22 inches at the 
head, 18 inches at the points, and length from 28 to 35 feet. 
A penetration of from 5 to 9 feet into the bottom ooze was thus 
afforded, and an annular space of 3 inches secured about the 
pile head for concrete and for planting the reinforcing rods. 

The cylinders were reinforced by galvanized triangular wire 
mesh, of the American Steel and Wire Company, No. 6 wires 
running longitudinally, crossed by No. 12, all on 4-inch spacings. 
They were made in steel forms lying on long framed push cars. 
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The production of the cylinders was the only really difficult part 
of the whole work, but even this when developed ‘‘ran itself”’. 

The outside forms were made in two parts, dividing at the 
spring line. The lower half rested on the bolsters of the frame 
and was held steady by movable cradle blocks. There were 
twenty each of cars and bottom forms. The tops, also the core 
forms, were ten in number. 

In fabricating, all lifting so far as possible was done by 
chain blocks hung from trolleys running on overhead tracks. 
Continuous flow in the process was secured as far as possible, 
the concrete mixing platform being placed at such an elevation 
as to avoid any lifting to place the concrete, and the stone and 
sand being supplied by gravity from the bins. 

In operation, the bottom form on its car was trundled to 
the mixing platform and a bed of concrete placed therein. The 
core form of ribs and sheet metal was then brought in by over- 
head trolley, lowered into place, centered by blocks and wired 
down securely. This core was hinged along the bottom line, 
and made to collapse by sets of toggles attached to a pull-bar. 
The sheet steel did not meet at the top and the space was filled 
by a tapering tongue piece of wood about 5 inches wide. This 
in turn was wedged up to place on the toggle bars and was 
covered by a strip of paper overlapping the steel. The core 
was always oiled and the reinforcing fabric loosely wrapped 
about it previous to being lowered into its position. 

When the concrete was placed to the level of the spring 
line, the top form was trundled over, lowered and bolted to its 
mate through the outstanding legs of the steel angle stiffeners 
along the parting line. This form was open at the top for a 
space about 10 inches wide, through which the remaining con- 
crete was placed. 

The concrete was made of cement, sand, stone dust passing 
3-inch screen and broken stone passing the inch holes of the 
screen. The proportions were one, one and one-half, one-half, 
and three and one-half, respectively. Every means for securing 
a dense concrete was employed. Constant slushing with thin 
steel strips accompanied by tapping the outside of the forms 
with wooden mallets was maintained. This was the one opera- 
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tion where vigilance by the foreman was required. Only when 
this was faithfully carried out were the cylinders free from air 
bubbles on the outer skin. 

There was a triple track arrangement whereby the newly 
made cylinder was pushed along on the production track to 
have the top smoothed up. In the meantime a core-pulling 
and top-removing gang was operating on the cylinders cast the 
day before. These were sent back to the plant on the middle 
track. The cylinders contained in their bottom forms were 
pushed along and switched back on the outside track toward 
the unloading point. 

The production was nine cylinders per day. Thus the new 
ones remained on the cars for two full days before being un- 
loaded. At this age they were rolled off on to runs leading to 
the shore of the bay, whence they were transferred to small 
deck lighters, three on each lighter, when wanted for placing 
about the piles. 

Thirty-five laborers were engaged on cylinder production: 
15 mixing, placing and trowelling; 10 core pulling, etc.; 4 pre- 
paring new cores and reinforcement; 6 rolling off, finishing and 
handling in the yard. The pay roll was about $87 per day for 
producing 300 lineal feet of product, or 29 cents per foot. 

The total number produced and used were 1,260. Roughly, 
thirty pieces were broken in handling, or 23 per cent of the 
whole. About eight days were required for curing the cylinders 
before placing. Usually much more time elapsed. 

Construction. — The cylinders were placed over the piles 
and pressed down by the weight of the steam hammer, approxi- 
mately to grade of one foot above high water. They were wedged 
into a concentric position, pumped out and filled with concrete. 
Steel bar reinforcement was placed as the concrete filling ap- 
proached the level of the head. The unit, now presenting the 
appearance of a huge concrete pile, was then forced by jacks 
and steamboat ratchets into exact position, for placing the 
beam and floor forms. 

The latter operation, as well as the placing of the concrete, 
presented no unusual features. Its rapid setting permitted 
walking and working over it the day following its placing. Forms 
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could be stripped the fifth day, and at times were actually re- 
moved the fourth day after the pouring. The concrete mix in 
beams and floor was 1: 2: 4 of cement, sand and stone passing 
a two-inch ring. 

Fender. — The accompanying plate shows the fender system 
employed. It is similar to that installed on the Almirante 
wharf, and has given complete satisfaction. 

Warehouse. — The warehouse was finished with a creosoted 
wood floor at the level of car platforms. It was further arranged 
to be divided at will into import and export sections by cross 
partitions formed of rolling steel doors. Thus all imports could 
be overseen by government officials, and dispatched for the 
custom house at the capital, or cleared for local. points. The 
saving in expense by being able to discharge steamer freight 
directly into a warehouse, instead of into box cars as formerly, 
as well as the saving in sorting and handling of freight, cut the 
cost into less than half of that formerly obtaining, besides 
which steamers could be given better dispatch. 

It is proper to note in this connection that for freight 
handling in situations such as this, where every class of. product 
and every size of package has to be dealt. with, simplicity is 
important. Modern ships are expected tobe able to lift any 
article of freight they carry. Reliance is thus had on ship’s 
tackle for putting freight overboard. The function of the shore 
end is to receive this freight as rapidly as offered. For this, 
ample platform room made accessible by continuous door 
openings is required. 

In this particular wharf a large part of the export freight 
is coffee and bananas. For the former, the provisions made 
have been mentioned, but for the bananas space under the shed 
for two lines of railroad cars was allowed, and an outboard width 
of 20 feet in addition for travelling banana-loading machines. 

Maintenance. — An examination recently made showed that 
while the cylinder casings were intact throughout there was 
some spalling of concrete in the bottom of the floor slab, occa- 
sioned by the rusting of rods.. The floor is about four feet above 
high-water level and gets sprayed daily. Cleaning such exposed 
rods from rust and cementing over again has been practised. 
The necessity of extreme care in securing ample cover of con- 
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crete for the bars is apparent. It is quite in contrast that no 
trouble has been noted in the cylinders, which are constantly 
sprayed or soaked in salt water. Two circumstances are prob- 
ably responsible for this difference: 

First, the reinforcement in the cylinders is galvanized; and 
second, the exterior surface of the concrete has every opportunity 
for being inspected. The rods in beams and floor are plain steel 
and inspection after stripping of forms is less easy. These rods 
are, moreover, more liable to get moved close to the surface of 
the concrete, whereas the steel in the cylinders was securely 
held close to the interior of the cylinder shells, there being no 
serious disadvantages in its being temporarily exposed on this 
surface. 

Camps. — An interesting feature in the administration, by 
which method the construction was carried out, was the pro- 
vision of labor camps. These were made superior to any others 
available to the men, and maintained in sanitary condition. 
Large bunk rooms were avoided, each room being occupied by 
but two men. 

All help had to be ORL he in the special features of this con- 
struction and changes in personnel were avoided. These attrac- 
tive and comparatively cheap living quarters made the men 
reluctant to forfeit them, and obviated a large labor turnover. 


STATISTICS OF MATERIALS, CosT, ETC. 


Area of concrete floor, 132 by 586 feet . : : BW SYP Siig ie 
Number of piles. : : : 1,260 ; 
Length of piling at 90 feat each, average . : f . 113,400 lin. ft. 
Length of cylinders at 32 feet each, average. : . 40,320 lin. ft. 
Concrete: 

In cylinders : : ; : 5 48,384 cu. ft. 

Filling cylinders 2 ; f . 238,556 cu. ft. 

Girders, slab, etc. 3 ; ; : 65,754 cu. ft. 

porte eee es 152 oodcusit = 5,655,cu..yde. 

Warehouse and shed: 

Area 52,000 sq. ft. 

604,000 lbs. 


Weight of Seruciiral postetial : 
Total cost, including water and light, $66,263 
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Costs 
el 
Labor Per 
and Materials Total Square 
Overhead ‘00 


Piles, driving and squaring in place . | $13,973 | $57,365 $71,338 | $0.923 


Cylinder making: Per lin. ft. 
Plant E ‘ a SOR143 $5,309 
Materials . : : .382 17,364 
Labor and overhead. .310 | $12,484 
$0.835 
Cylinders: 
Placing : F : ‘ F 3,258 
Filling : ; . : : 9,029 £T,197 


Total making, placing and filling | $24,771 | $33,870 58,641 | 0.760 


Concrete in floor and beams: 


Forms : : : ” . | $9,788 

Placing : 3 ‘ : s 5,341 

Steel bending and placing . : 2,376 
Motalsaeer : ; : . | $17,505 36,344 53,849 | 0.697 
Fenders : : : " , 904 1,204 2,108 | 0.027 


Totals of foundation and floor . | $57,153 | $128,783 | $185,936 | $2.407 


Warehouse and shed : ; be |e ei te : 66,623 
Expended for camps é 5 « {ek seellie : 23,943 
Total expenditure. ’ les omer . | $276,502 


Cost of overhead and office expense was 52 per cent of total 


-The work was carried out by administration under the 


immediate supervision of George L. Mirick a member of the 
Society, as resident engineer. 
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(2) La Union WHARF 


La Union, El Salvador, Central America, is the terminal on 
the Pacific of the Salvador Division of the International Rail- 
ways of Central America. It is situated 9 miles within the Bay 
of Fonseca, that body of water where El Salvador, Honduras 
and Nicaragua come together. 

The railroad leading northerly to San Miguel was partially 
constructed by the government in 1902, with wharf projected 
at Punta Cutuco, a mile and a half down the bay from La Union. 

The rise and fall of the tide is about 10 feet, and as the area 
of the bay is many square miles, the tidal prism has an immense 
volume, sufficient to cause serious currents at any available situ- 
ation to be chosen for the wharf. 

At Punto Cutuco deep water is found near the shore. 
Towards La Union, shoal water occurs, until at the city itself 
an approach of one mile would need to be provided for a wharf 
located there. Along the shore seaward the depths are less 
favorable than at Punto Cutuco, and would necessitate more 
railroad. 

Soundings were made in the spring of 1909. A location at 
Punta Cutuco at once appeared the advantageous site, and de- 
tailed soundings were taken at this location. The sea bottom 
here consists of a gravel lava flow, impenetrable by piling. 
There is very little overlying silt out to a distance of about 700 
feet from the shore, where the lava shelf breaks off. Thence 
the bottom consists of an ooze underlaid by gravel. 

The current at this point is very strong at certain stages of 
the tide, hence an alignment not seriously diverging from the 
direction of the current was called for along the berthing spaces. 

Construction was ordered early in 1912, and final studies 
were made with J. R. Worcester & Co. acting as collaborating 
consulting engineers. . 

Lay-out. — A new design for the foundation was made. In 
place of the cylinders at first contemplated, it was planned to 
use, as far as feasible, 20-inch square concrete piles. These were 
spaced 10 feet apart in the bents, the latter being on 30-foot 
centers. It was left to be determined at the time of construc- 
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tion to what extent the pile type of foundation could be em- 
ployed, and at what point to adopt cylinders. The cuts show 
the lay-out and the details of construction. 

The plant began to arrive in June, 1912, and a camp, water 
supply, stone-crushing outfit, woodworking plant, store sheds, 
etc., were erected.. Everything was rather more permanently 


INTERNATIONAL RAILWAYS OF CENTRAL AMERICA 
REINFORCED CONCRETE WHARF 


Fic. 2. — GENERAL Layout or WHARF AT LA UNION, SALVADOR. 


prepared than ordinarily, in view of the utilization of the plant 
in future construction and operation of the railroad and terminal. 

Stone and Sand. — Abundant stone of satisfactory texture 
and suitable size for crushing was obtained along the railroad 
right-of-way and adjacent lands about 5 miles out, and brought 
in by trains. Sand was brought in on'lighters from adjacent 
beaches. While not as sharp as might be desired, Be sand was 
clean and free from organic matter. 
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Labor. — The native peon is a fine worker. Differing from 
the African, he works with less compulsion and with more snap. 
At this time one and one-eighth soles (45 cents gold) were the 
average wage. The work was entirely by administration and 
nine hours adopted as the daily period, 6 to 11 A.M., 12.30 to 
4.30 P.M. 

Piles. — The plant comprised a casting floor adjacent to 
the crushing bins. Forms for casting two piles in one frame were 
made up. The reinforcement was designed to permit any pile 
up to 40 feet long being suspended in horizontal position when 
slung in its center. For piles of greater length two slings were 
demanded. The toe of the pile was shod with a blunt-pointed 
cast steel shoe, having a nozzle-shaped core hole in its center. 
Terminating in this hole was moulded a 2-inch pipe, with its 
head turned outward from the pile near the top by use of fittings, 
and used to connect with the jetting hose. 

Reinforcement. — The reinforcement of girders and beams 
was of two distinct: kinds, — first, a system of structural shapes 
permitting passage thereover, as soon as placed, of the travelling 
erector, which consisted: of a stiff leg derrick fitted with swing 
hoister and having a boom 62 feet long. Supplementary to this 
system were round mild steel bars apportioned for shear, nega- 
tive and other stresses, and serving to unite the concrete with 
the rather large members of the structural system. The floor 
system was of round bars. 

Erection. — In the head of each pile was moulded an 8- 
inch ‘‘H”’ column, also two heavy eye bolts spaced 10 to 15 
feet apart on one of the faces, these to serve for connections for 
temporary bracing. 

A heavy abutment was built, from which the erector started 
the operation of placing the piles. The neck of the wharf runs 
16 feet wide for about 300 feet. The track gauge of the traveller 
was at first 10 feet, corresponding with the spacing of the pairs 
of piles in the first bents. 

The piles were loaded on trucks standing on a track lead- 
ing to the shore, where a heavy swing derrick which had been 
installed for general handling pumposes transferred the piles to 
a deck lighter. 
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The necessary length of each pile had been carefully de- 
termined by sounding with rods. Brought under the erector 
boom the pile was lifted by a clamp fitting the ‘‘H”’ column on 
its head. The position of the pile having been fixed, the hose 
connection to the outstanding 2-inch pipe end was made from 
a steam pump on the erector platform. With this preparation 
the pile was lifted and dropped, while water was forced through 
issuing at the toe. This pumping was continued until the pile 
had abraided a seat for itself in the rock by the ramming process. 

The pile was then guyed into approximately vertical position 
and settled by blows from an Arnott No. 3 steam hammer — a 
matter of a half inch or so. Levels on the head were taken and 
a section of ‘‘H”’ column of suitable length was added, to ex- 
tend to grade the section cast in the pile head. At the same 
time the section was drilled for bolting to a pair of 12-inch by 
45-pound channels forming the bent cap or girder. 

Another pile was then similarly placed, mating with the 
first and 10 feet away. The pair of channels were bolted on, 
and a pair of cross-bracing rods fitted with turnbuckles hooked 
into the eye bolts in the face of the piles. 

Next, I-beams 15 inches by 42 pounds were used to connect 
the abutment and the new bent, and braced temporarily by 
horizontal cross rods. 

This completed the structural part of the steel work, but a 
second pair of I-beams was temporarily laid down to carry the 
weight of the traveller from this to the next bent. 

Thus progress was made from bent to bent. At the point 
where the approach widened the stiff leg was spread to a 30-foot 
base for greater stability. 

The wharf was laterally stabilized from this point outward 
by inclining two piles in each bent. The uniformity in posi- 
tion of the heads of the piles was not changed, but the foot- 
ing of each inclined pile was made as close to its neighbor as 
possible. 

The pile system of foundation was adhered to until a length 
of 57 feet of pile (11 tons weight) was required. From this bent, 
70 feet from the end of the wharf, concrete cylinders 5 feet i in 
diameter were employed in two bents. 
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These cylinders were spaced about 25 feet apart in the 
row, requiring four per bent, or eight in all to complete the 
foundation. They were built on shore in sections 10 feet long. 
The walls were 4 inches thick and amply reinforced by galvanized 
triangular mesh of the American Steel and Wire Company’s 
make. The ends were moulded male and female. For this, 
cast-iron, machine-turned rings were employed producing plain 
bevelled grooves and corresponding recesses in the concrete. 

For connecting one section with the next, six short-necked 
eye bolts fixed in channel pieces were moulded in the concrete 
near the lower rim with the eyes standing inwards. Eye bolts 
10 feet 3 inches long, connecting by shackles at the lower end 
and having a long thread on the other, were used to join the 
fixed eyes in one section with those in the one above. 

The section forming the foot of any cylinder was moulded 
on a steel plate cutting edge stiffened by a 3-inch angle. A 2- 
inch jet pipe perforated with } inch holes was curved to shape 
and clamped under this angle. 

Sections were floated out on deck lighters and built up to 
the desired length of cylinder. For the longer cylinders it was 
necessary to complete the assembly while the lower sections 
were submerged, otherwise the weight would have been too 
much for the erector. 

Thus formed the cylinders were lowered into the proper 
place and allowed to sink under their own weight, aided by the 
water pumped through the foot coil and issuing in small jets 
near the cutting edge. 

The finer material within the cylinder was ejected by a 5- 
inch suction pump, following which four second-hand 8-inch 
wrought-iron pipes, coupled to about 40-foot lengths, were driven 
therein to refusal. 

The cylinder was then filled to above water level with con- 
crete placed with a tremie in continuous operation. This method 
avoided depositing any intermediate laitance, while that formed 
at the surface was easily disposed of. 

Forms were bolted about the heads and the cylinders built 
up to grade, at which time the structural shapes were set up in 
position and anchored into the concrete by additional round 
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steel bars. The skeleton of structural shapes was thus con- 
tinued to the end of the wharf. 

Concrete Envelope. — The concreting of the girders, beams 
and floor was started and maintained a few bents behind the 
pile and cylinder placing. Forms for the moulds were in part 
hung from the structural steel and in part supported by pairs 
of trussed clamps reaching fore and aft from pile to pile. 

Fender. — Some difficulty has been had in securing a proper 
fender system. The hard bottom prevents the usual wood-pile 
type, excepting in a part of the inner berth. The fenders as 
originally placed were the suspended type and were only 6 feet 
deep, made of creosoted wood. They were hung from anchored 
eye bolts and abutted against ear springs working in cast-iron 
cups set 10 feet apart in the concrete. 

Owing to the current small ships were found to be in danger, 
on a rising tide, of getting under and being held by. the bottom 
of the fender. An attempt to hold wooden piles with iron-shod 
points was a failure. Ultimately the original fender was widened 
to about 13 feet and braced against the second line of beams by 
inclined timber struts hanging in iron stirrups, so as to give 
slight side movement. 

Warehouse. — An enclosed steel frame warehouse was built 
on the wharf, having a creosoted wood floor at the level of the 
platforms of cars running on the tracks alongside. The ware- 
house was intended to serve, as at Puerto Barrios, for both 
imports and exports. 

Maintenance. — Examinations have been made of the con- 
dition of the concrete. At last reports no spalling or even rust 
coloring of the concrete has appeared. 

In the piles where deterioration or indications of cracks due 
to rust formation might be expected, nothing has developed of 
this nature. The maximum size of reinforcement was } inch 
round bars. A margin of 1? inches was allowed from outside 
of metal to the surface of the concrete, and the wrapping with 
1_inch wire was faithfully carried out. 
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Number of piles, 141, equal : ; ; : : 2 5, Losing. 
Labor cost per linear foot: 
Steel placing : : : : 7 P $0. 183 
Concrete placing . : : é : , 0.094 
Placing piles . : ‘ F : : ; 0.548 
Total placed ; 2 : : : : $0. 825 
Number of cylinders, 8, equal to . : ; ; : é 410 lin. ft. 
Labor cost per foot: 
Making : ‘ : ; : : : $2 33 
Placing . F , . ; ‘ : 3 2 16 
Filling . : : : . ‘ : : 1 09 
Total ‘ : : : : : : $5 58 
The cost of the wharf, excluding the shed, was 3 é i $159,000 
Area of the wharf. : : r : ; ; . 46,900 sq. ft. 
Cost per square foot . : 3 : : é : 2 $3 .39 


The construction was carried out by administration under 
Mr. Richard C. Burton, associate member, American Society 
of Civil Engineers, as superintendent. 


(3) TELA WHARF 


The port at Tela, Honduras, was created for the shipping 
of bananas. Up to January, 1915, all fruit was sent out to the 
ships in lighters, — a method expensive in handling and destruc- 
tive to the quality of the fruit. The wharf was but one feature 
in the creation of the terminal comprising a dual railroad sys- 
tem, with shops, and a town with water supply, electric lights, 
wireless station, etc. 

The place does not deserve the name of port, for it is only 
a roadstead. Its location is a shallow, crescent-shaped dent in 
the east and west shore of Honduras extending from Cape 
Gracias to Puerto Cortes, about 40 miles from the latter. Punta — 
Triunfo shields the site from the northeast trades and Punta 
Sal gives protection from the infrequent squalls from west to 
northwest. Towards the north over the sector from northwest 
to northeast no protection is afforded, and from this fact the 
difficult features of design resulted. 

The hard storms, or ‘‘northers,’’ as this name indicates, 
come mainly from that direction. This fact having been ascer- 
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tained, the wharf was given a direction almost precisely north, 
so as to expose as narrow a front as possible of either wharf or 
ship to sea swells and violent winds. 

The shore current is almost constantly westerly, hence it 
was planned for ships to lie on the westerly side of the wharf, 
although berthing facilities were provided on the easterly side 
as well. 

The minimum depth of water secured at the head, which 
was 500 feet in length, was 26 feet, the water at the end being 
35 feet deep. The sea bottom consists of a very compact silicious 
sand. In sounding by hand with a pointed rod it was difficult 
to penetrate over 2 to 4 feet. From this as well as from experi- 
ence in some driving for temporary landings near by, it was 
evident that jettings would be required in the driving of the 
piles so as to prevent splintering. 

Materials. — Owing to the absence of materials readily 
obtainable for a concrete wharf, one of that type was out of 
the question. There were also other reasons against concrete 
and in favor of a structure more flexible in its supports. The 
rigidity in the floor system which reinforced concrete affords 
would have been desirable, however, since it acts as a huge 
horizontal beam to give unified resistance by all the piles against 
lateral pressure. 

Creosoted yellow pine piles and timbers were chosen as 
materials. To stiffen the floor system, a deep built-up timber 
ribbon was adopted, together with a horizontal reinforced- 
concrete beam built between one of the ribbons and the adjacent 
wood stringer. This space was about 2} feet wide by 14 inches 
deep, and attachment to the wood on each side was effected by 
half-driven boat spikes whose heads were thus left free to enter 
the concrete. A similar stiffening 12 feet in width was carried 
across the wharf head. For further stiffness the 3-inch flooring 
was laid diagonally on the entire 500 feet long head of the wharf. 

The treatment of the piles was specified to be 18 pounds of 
creosote to the cubic foot, and of the timbers and flooring, 14 
pounds. The specifications for quality of timbers called for 
practically heart material. For such quality 14 pounds was 
deemed a sufficient injection of creosote. 
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Pile Protection. — The Teredo and Limnoria were not es- 
pecially active along the coast at this time. Two wharves built 
of creosoted materials lying east and west within a few miles of 
this location showed very little attack from marine borers after 
a life of several years. Nevertheless, it was thought unwise to 
omit protection of the exposed belt since observation shows that 
rapid increase of such marine life develops following its first 
appearance. 

The possibilities of a protection consisting of an application 
of cement mortar over poultry wire had been experimented with 
on a few of the piles in the construction of the Puerto Barrios ° 
wharf in 1910. The condition of this covering in 1913 was so 
good that all doubts in the writer’s mind of its possibilities were 
banished. Incidentally, it should be recorded that ‘‘ Yellow 
Metal”’ protection used in 1910 had deteriorated, having become 
very brittle. So evident was this that pure copper was taken 
as the alternative covering to be chosen in the case at hand. 
The cost for the copper, valued at that time at 18 cents per 
pound, would have proved over double the cost of the mortar 
system, hence the latter was determined upon. 

The application was simple. Pairs of rollways were laid at 
right angles to a service track and level with the car platforms. 
They were spaced so that the proposed protected zone of the 
piles should be clear of the lines of support, an arrangement 
which reduced to a minimum the cost of handling, both in and 
out of the yard. 

Thus placed, 16 penny plain wire nails were driven halfway 
into the wood over the zone area on spaces 5 or 6 inches apart. 
The outstanding part of the nail was then bent over by use of 
a 3-inch piece of pipe, whereby too close contact with the wood 
was avoided. Poultry netting No. 16 wire by 13-inch mesh was 
then wrapped not too tightly about the pole so as to avoid a 
contact with the wood, and was then wired in place. A coat of 
one to two cement and sand mortar was then thoroughly applied 
by hand to the uppermost half of the zone. The following day 
the pile was rolled half over and the belt of mortar completed. 
The following day there was applied a 1:3 solution of water- 
glass in water. The mortar was kept under cover of moistened 
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burlap for several days, preventing the drying out of the mortar 
and minimizing the oozing out of the creosote and consequent 
weakening of the fresh mortar. The position of the protected 
zone allowed for two feet penetration into the sand, and for ex- 
tending somewhat above the water line. 

Pile Driving. — The piles were sunk by aid of a double 
water jet, 1 inch diameter each, under pressure of a steam pump 
located on the driver. An 1,800-pound pile cap and 2,800- 
pound hammer were used. These afforded dead weight while 
the pile was being jetted to within a few feet of its depth, whence 
the hammer was utilized until the full penetration of about 20 
feet was attained. 

The number of piles driven per day was rarely over eight. 
The pile-driving gang sawed the tops to grade and placed the 
pile caps, using the winch power to line up the bents. This, of 
course, slowed up the driving total but accelerated the general 
work. There was no trouble by loosening of the protective 
coating in the driving of the 1,100 piles used on the work. No 
spur or brace piles were driven. The purpose was to leave the 
entire structure free to yield as a unit against horizontal pressure 
or shock, and thus save damage. 

Timber Work. — Care was used to creosote and tar every 
pile top and timber cut where the original creosoted surface was 
molested. The floor beams were not butted but lapped, being 
for this purpose two feet longer than the double bent span. 
Four pairs of galvanized iron plates were used on each bent to 
attach the caps to the piles, besides which steel pins were drifted 
at each bearing of cap on pile and beam on cap. 

Fender. — The fender system consisted of pairs of rubbing 
piles spaced 24 feet apart along the berthing spaces with a 
cluster at both corners of the head. These piles had no protective 
coat for obvious reasons. As heretofore stated, the vessels 
regularly lie at the wharf on the west side, the prevailing wind 
and current keeping the craft eased away from contact. 

Rat Proofing. — To prevent any harboring of rats the spaces 
above the pile caps and between the floor beams were filled with 
lean concrete. 


Maintenance. — The only damage to the mortar protective 
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coating has been by floating timbers and was confined to the belt 
at the water surface, where repairs are easily made. Otherwise, 
the result has been all that could be desired, and promise is given 
for a permanence greater than any metal could afford against 
marine borers. 

During the ten years that the wharf has been in use there 
has occurred about once a year a storm too severe for ships to 
remain berthed. Once during the construction, and at one 
time since, damage has resulted to the wharf from storms. At 
the latter time, said to have been a record breaker, the head of 
the wharf was somewhat damaged by swells which lifted planks 
in the floor. 

The value of the spring of the wharf as a protection against 
shock was on one occasion put to a practical test. A steamer 
of 3,000 tons’ displacement came at half speed against the ribbon 
at about 45 degrees angle. Reliable observers state that the - 
wharf was pressed over about a foot when the ship with her 
nose gouging into the ribbon came to a standstill, where she 
stood shivering an instant and then recoiled. The wharf resumed 
its alignment and the ship was undamaged. The damage to the 
wharf was the loss of two fender piles and some timbers in the 
ribbon. 

Shed. — There was a train shed erected on the wharf for 
general shelter purposes. The cargoes being almost entirely of 
export bananas, no warehousing of imports on the wharf is pro- 
vided, but such cargo is taken into cars for transfer to the 
Customs House or storage yards. 

Cost. — The final figures of cost are not at hand, but the 
approximate total was $185,000, exclusive of shed. This is 
$2.77 per square foot of wharf. The cost of materials and labor 
per lineal foot for the protective belt on the piles was $0.42. 
The estimated cost of a protection of copper No. 18 gauge over 
ship felt, with copper at 18 cents per pound, was $0.99. The 
difference between this and that actually incurred for the 32,305 
lineal feet treated is $18,356. 

Distribution of labor cost is as follows, overhead included: 
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Pile driving, including handling from yard, per foot driven 11.9 cents $9,220 
Protective belt, including handling into yard and stacking for treat- 
ment for applying protection (cost per lineal foot of belt, 14 cents; 


application and handling, 22.4 cents) . : ; : 4 7,165 
Timber work . i t . : ; . ; : . 13,198 
Concrete and steel placing : E : : : : : 2,830 
Shed erection . ‘ : d F : : : : : 1,018 
Miscellaneous . ; : : : er : ; ‘ , 653 

Total : : é : : : : : : . $34,084 


The work was carried out by administration under the 
immediate supervision of Richard C. Burton as superintendent. 


(4) ALMIRANTE WHARF EXTENSION 


The original structure of 1907 provided two berths, each 
350 feet in length. By 1913 the increase of business and fre- 
quency of ships of greater length made it desirable to add to 
the structure. Consequently, an extension of 300 feet to the 
east end was ordered. 

Construction was executed in 1914, by administration 
under Mr. George L. Mirick, member of Boston Society of 
Civil Engineers, as resident engineer and superintendent. The 
design was modified in respect to the column sizes, the same 
being increased from 12 to 16 inches square in section. This 
increase strengthens the junction point of column and cylinder 
where formerly some fractures had occurred in the 12-inch 
columns following shocks from heavy lighters. 

Incidentally it is to be noted that the same cylinder forms 
which were used on the Puerto Barrios wharf were bought and 
used in the new construction; also, that some cylinders were 
required 40 feet in length, necessitating piecing of the same 
under water. 

The floor system was also changed by omitting all beams, 
aside from the ribbon, and carrying all loads by the slab from 
girder to girder, a span of 10 feet. To this end the slab was. 
made thicker, with corresponding increase in the reinforcement, 
sufficient to carry the light locomotives utilized on the wharf. 

Otherwise no features are to be chronicled other than those 
noted in the description of the original structure contributed: by 
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the writer, and which is published in the Transactions of the 
American Society of Civil Engineers, Vol. LXVI, 1910. 

The writer has a piece of a cylinder of the original wharf 
taken at the time of the extension, then seven years old. The 
original skin of the concrete as cast in the steel-lined moulds is 
unattacked by any chemical action. The waters in this locality 
are badly infested with both Limnoria and the Teredo. 


(5) MacKenzie WHARF 


This wharf is interesting in that native woods were em- 
ployed throughout, and not for any especial interest in respect 
to combating marine pests. It is located on the Demerara 
River, 60 miles above Georgetown, the capital of British Guiana. 
No enemy threatens other than a possible invasion of ants along 
the land margin of the wharf. 

The location was along the river bank, calling for an outline 
that would properly conform with tracks about the plant, and 
at the same time take advantage of all the economies permitted 
by the contours of the river bottom. 

The company had its own sawmill, logs for which were 
rafted down the river. The region affords many varieties of 
excellent woods, among which is greenheart, a wood much 
prized for piling in that zone as well as in England for its lon- 
gevity. 

The design involved no serious construction problems. 
Vessels alongside were to take the calcined Bauxite by chutes 
from the storehouse. The tracks were required for incoming 
freight handling, either foreign or domestic, and for unloading 
barges of ore transported down the river from the mines, until 
such time as a railroad should serve for the latter transportation. 

The berthing space provided was 800 feet in length. All 
the piling was of greenheart. Other durable woods were utilized 
in the floor structure. 

At the date of writing the wharf is in active use. During 
1923 about 100,000 tons of calcined ore was shipped away, 
which record will be far outstripped this year. 
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(6) PuERTO CoRTES WHARF 


It had originally been proposed to erect at this port a 
structure consisting of a wooden floor system on concrete piles, 
but on the writer’s advice the design was changed to an all- 
concrete type. 

This port is landlocked and had been served with a wharf 
since the time that the elder Trautwine located the National 
Railway of Honduras, with Puerto Cortes as a terminal. 

The site for the work in hand was occupied by a structure 
built in 1910, mainly of native wood piling, then in decay. This 
location made it-necessary to maintain freight handling during 
construction. The formation was a steeply sloping bank running 
into very deep water, and thus calling for a structure, like the 
former, parallel with the shore. 

It was sought at the start to build up a retaining wall of 
concrete sheet piling anchored to heavy concrete masses which 
should form the bases of the warehouse columns. In jetting the 
sheet piling, however, a thin stratum of silt in the sand deposit 
was encountered, which caused a slippage, and the plan was | 
abandoned in favor of a pile-supported floor system for the entire 
structure, and the economy of the first type had to be forfeited. 

Design. — The plates show the dimensions of the structure 
and the details of piles, beams and floor. No further trouble 
was encountered, although it developed that a heavier hammer 
would have given greater speed in driving. A jetting pipe was 
moulded in the center of the piles and water employed through- 
out in sinking them. 

A shed of structural steel was erected on the rear of the 
wharf floor for the shelter of cars of fruit or of freight. Space 
on the east end of the wharf is afforded for an enclosed ware- 
house should that become desirable at any time. 

The fender system was the same as that adopted for the 
original Almirante wharf, which has proved well adapted toa 
landlocked situation where the rise and fall of the tide is in- 
considerable. 

As yet no critical examination of the concrete has been 
made by the writer. The work was executed under administra- 
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tion by a superintendent, Mr. Wm. J. Riggs, whose ability had 
been tested by the writer on similar structures. The piles were 
of course precast and consequently free from the great doubt 
as to the condition of concrete when poured under the water. 

Cost. — The years 1919 and 1920 were fateful ones in cost 
of materials. Added to the cost was the difficulty in securing 
deliveries. At one time a delay of nearly four months occurred, 
due to shortage of cement. 

The unit costs were as follows: 


Number of piles F : , : ; : ; ; s 944 
Lineal feet of piles. , 5 : : : : : 36,942 
Area of wharf (square feet) : ; , : : E ) 61,600 
Cost of piles (total in place) : . $123,090 
Bending and placing 305,000 pounds of teu heen per pound) att be lis 
Labor cost making piles (per foot) . ? : : $1 62 
Labor cost handling and driving (per foot) . = : : : $1 70 
Cost of beams and deck . ; . $106,521 
Bending and placing 262,000 pounds ae ste ae per Pound) : 0.36 
Cost of forms, material . : ‘ ; 3 : $4,500 
Cost of forms, labor ; " é ‘ : ; : . $14,168 
Concrete in piles (cubic yards) . . : 7 3 y 2,200 
Concrete in deck and beams (cubic yards : : : 4 2,400 
Total (cubic yards) . : . : : ‘ : : 4,600 
Total cost of wharf, less tools and overhead : : : . $229,611 
Cost, allowing 30 per cent for tools and overhead i , . $298,494 
Cost per square foot of wharf, with overhead: 
For piling . , : 3 : 2 , : d 4 $2 60 
For deck : ; 5 , : 3 é ‘ : ; 2 25 
Total . : : F : ; : : < ; $4 85 


(7) CovENAsS 


The wharf at Covefas was constructed for facilitating 
shipping from the packing house of the Colombia Products 
Company. The port has been outlet for many years for thou- 
sands of cattle shipped to Cuba and to countries on the Caribbean 
and the Gulf of Mexico, also to Panama and Peru via the Canal. 


OT Cy CA's 
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It is situated in the Gulf of Morrosquillo, about 60 miles 
from Cartagena, the principal coast city of Colombia. 

The harbor is protected, except from the wind chop kicked 
up from the northwest. This not being serious the wharf was 
located so as to require the least length from shore to deep 
water. The alignment was thus fixed about 20 degrees east of 
north and required a length of 1,970 feet to secure a depth of 
26 feet minimum at the end berths. 

Owing to the absence of abundant concrete stone, a creo- 


* soted wood type was adopted, with a reinforced mortar protec- 


tion against marine borers for the exposed zone of the piling. 
This form of protection has been described fully in the description 
of the pier at Tela, Honduras. 

The interesting point .is the manipulation required to pre- 
vent undue shattering of the protective material. 

The bottom was known to be very hard near the shore, but 
hand soundings taken further out indicated that sand alone 
would be encountered below an ooze bed 3 or 4 feet thick. 
Twenty-five feet of penetration was allowed for in ordering the 
piling. 

A heavy Bucyrus track type driving rig was secured from 
the Canal Zone and furnished with a steam hammer. The gross 
weight was about 75 tons, which constituted an immediate test 
of the bearing power of the piles. 

The accompanying plate shows the dimensions and general 
construction features. Battered piles were driven throughout 
the length for preservation of alignment. This was thought 
prudent since the width was only 46 feet at the head and con- 
tained only nine piles per bent. 

A jetting pipe was used throughout. It was also found 
necessary to put iron shoes on many of the inshore piles in order 
to gain sufficient penetration to secure stability. 

In a great many of these piles the upper foot or two of the 
protection was shattered, even with the judicious use of the 
steam hammer. However, the damage being at or above the 
water surface the same was readily made good. 

It is believed that poultry wire is too low in elastic limit 
for such hard driving and that the use of a high-tension fabric, 


BOSTON SOCIETY OF CIVIL ENGINEERS. 


414 


*Sa[Tq UO BUTIZAOD 9AT}90}01g USUI) 
‘VIANOTOD ‘SVNAAOD LY AAVHM — ‘9 “OY 


SVN3A00 LV SUVHM 
XWvdWOd SLONGOUd VIGWO109 


Long we 
dra) -pinug BUY TO MO BOTY Oly Fa NO Dy Se Og we 


VaH 40 NOILIaS patrimmaing op (rssewoatey rong o0aored WW 10 oo dineg ony 0 bonis boner Orowes 


Grae tony 1208s) (t) een no waineg Catan teh wan 40 NOILOAS 


a il 


SOME TROPICAL WHARF CONSTRUCTION. 415 


such as that now on the market for fox fencing, would avoid 
much of the trouble from shattering at the heads. 

The timbering was of close grain yellow pine, treated, as 
were the piles, with 12 pounds of creosote per cubic foot of 
wood. The floor was of 3-inch cypress planks, untreated. The 
fender system consisted in part of piling and in part of cast steel 
rubbing plates of a convex form bolted to the ribbon and then 
filled with concrete. 

Experience has shown a slight movement of vessels, due to 
wind chop, and it is believed that a spring fender of the Almirante 
type would have been preferable for the windward side of the 
head. 

Time has afforded no lesson as yet regarding this protec- 
tion in this location, but no adverse result is anticipated, since 
the Tela wharf was six years old when this was started and the 
results there were, and have continued to be, entirely satis- 
factory. 

The construction work was handled by Mr. Carl O. Riggs. 


Costs, ETC. 
Area of wharf: 
Filled part (square feet) : ; Z : : , : 6,660 
Structure (square feet) . ; : - : ; ; : 55,620 
Total (square feet) . . : ; ; ‘ : 4 62,280 
Number of piles : : : ; P ; ; : : 767 
Average length (feet) : : 5 ; : : A : 43 
Lineal feet of piles. : : : : : : : A 32,980 
Lineal feet of protective belt . , : , ; : 19,024 
Lineal feet of protective belt (average per Mile) : ; ; ; Alby. 
Labor cost: 
Handling, per pile é j ; ; ; : ‘ ; $4 00 
Driving 2 : : F : : ; : ‘ 5 6 60 
Carpenters’ work: 
280 M creosoted lumber (per M) ; ; , ‘ . $26 30 
150 M cypress lumber (per M) . : ; : ; ; 18 80 
Average of both (per M) . : ; , : ; ; 23 70 
With overhead (per M) . : ; : ; ‘ : 30 80 
Protective belt (per lineal foot) . ; 4 F : 0 27 


Materials for protective belt (per lineal foot) ; : : 0) By 
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Total cost (per lineal foot) : P : ; : ; $0 54 

Total cost with overhead (per lineal foon) : : i ; : $0 70 

Total cost of wharf . ; : : : : os $160,000 

Total cost of wharf with local ov “ahead ; . 4 : . $181,500 

Cost per square foot : : ' ? : : ; : $2 93 
GENERAL 


The summation of experience in fighting marine pests has 
caused the writer to rely upon properly placed and properly 
reinforced cement concrete and cement mortar to withstand 
disintegration by.sea water and consequent animal invasion. 

In this connection the advice of the late Wm. B. Fuller, 
member of American Society of Civil Engineers and a member 
of this Society, given the writer at the inception of the Almir- 
ante wharf in 1907, is gratefully remembered, — that, granted 
a dense concrete using almost any standard Portland cement, 
one may safely employ it in sea water where there is not danger 
of abrasion by ice. 

The writer would not recommend it, however, unless he were 
fully assured that high intelligence and conscientious pains were 
to be applied in its use. It should not be relied upon when 
poured under water where the sea has constant play on the ex- 
posed surface, unless it be a case like the cylinders of the later 
Colon wharves which were large and placed “‘in the dry”’ within 
tight steel forms. 

It is believed that the rock borer described in the ‘‘ Marine 
Piling Investigation” by Messrs. Atwood and Johnson, pages 
74 and 75, would make no headway against the cylinders of 


Almirante wharf or any other concrete made as the writer 
recommends. 
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MARINE PILING INVESTIGATIONS OF THE NATIONAL 
RESEARCH COUNCIL 


By WILLIAM F. CLApp * 


(Presented October 15, 1924) 


I WILL endeavor to tell you as briefly as possible of the work 
accomplished in the last few years in the study of the so-called 
shipworm, and some of the methods which have been used in 
preventing or alleviating the destruction. I might say, first, 
that the success which has come from the investigation has been 
due, to a great extent, not to the biologists or scientists, but to 
the engineers, because the Committee which was formed to 
direct the study was composed largely of engineers experienced 
in organization. The shipworm has been known for centuries, 
and it has apparently changed but little since recent geologic 
periods. In historical times it was known to the Romans, who 
protected their vessels, with some success, by “‘scupper nailing.”’ 
In more recent times the damage caused by shipworms in the 
dykes of Holland was well understood. Here also protection 
was obtained by “scupper nailing’’,— the driving of large- 
headed iron nails into the timbers. 

In the last fifty years the studies of a number of inde- 
pendent investigators have added to our knowledge of the ship- 
worm, and previous to the present investigation several score 
of distinct species have been described, there being but few 
localities in tropical and temperate waters where one or more 
species are not found. In 1914 in San Francisco Bay the ship- 
worm was noticed for the first time. The attack gradually 
increased in severity and in 1920 very severe destruction took 
place. It has been estimated that in six weeks’ time the ship- 
worm caused a property loss amounting to twenty million dol- 
lars. This disaster resulted in a local investigation by engineers 


* Biologist, Cambridge, Mass.; Collaborator in the Report of the Committee on Marine 
Piling Investigations of the Division of Engineering and Industrial Research of the National 


Research Council. 
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of that vicinity, to see what had caused the destruction and to 
find out what could be done to prevent further loss. At the 
same time, in other places, particularly in the Gulf of Mexico, 
similar disastrous attacks by the shipworm were taking place, 
- perhaps as great as in San Francisco. In one instance there was 
supposed to have been a loss of four million dollars in one year 
through the shipworm, and the original investigation in San 
Francisco in 1920 became quickly a national investigation. The 
Committee, first formed in California, sent specimens of the 
worm to scientists in this country and abroad. I was finally 
requested to do the biological work for the New York Commit- 
tee, under the direction of Colonel William G. Atwood. My 
duty was to examine the worms sent to me and to identify them, 
for until the identity of the pests was thoroughly understood, a 
study of methods of prevention would be difficult. There are 
a number of organisms, ali commonly called ‘“‘shipworms.” 
First there is the large molluscan group generally called Teredo, 
divided into two large genera — Teredo proper and Bankia. At 
the time the investigation took place, there were, in the waters 
surrounding the United States, about nine well-known species 
belonging to this group of shipworms. Besides the Teredo there 
were two other groups of destructive wood and rock boring 
mollusks — Martesia and Pholas. These make up the most 
destructive mollusks, and all belong to the big group of bivalves 
or clam-like shells. There are also three groups of crustacean 
wood-borers — Limnoria, Chelura and Sphaeroma. These are 
the three particularly destructive crustacea. 

As soon as the Committee had been formed under the direc- 
tion of the National Research Council,* there were immedi- 
ately placed in 500 different locations in the Atlantic Ocean, 
the Gulf of Mexico and Pacific waters, test boards designed as 
traps to catch the marine borers. The construction of these 
may be briefly described as follows: Pieces of 2 by 4 inch board, 
preferably of wide-ringed, sappy yellow pine, were sawed into 
S-inch lengths (Fig. 1). Twenty-four of these blocks were 


* “Marine Structures — Their Deterioration and Preservation,” by William G. Atwood 
and A. A. Johnson, the Report of the Committee on Marine Piling Investigations, may be 
obtained from the National Research Council, Washington, D. C., at $10 per copy. 
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fastened with brass or copper screws to a board 6 feet long and 
12 inches wide. The blocks were marked with small copper tags, 
numbered from 1 to 24. The board was then weighted and sub- 
merged. Every two weeks, after being placed in the water, a 
block was removed and replaced with a new one. The blocks 
when removed were sent for examination to the Massachusetts 
Institute of Technology. By wrapping the test blocks in many 
thicknesses of paper, it was found that the shipworms and other 


Fic. 1. — SKETCH SHOWING TEST BLOCKS. 


organisms would survive a journey of ten days or more, arriving 
at the laboratory in excellent condition for study. 

In this way it was thought that we could discover what 
species were causing the destruction in any particular location 
where the test boards were submerged. In the period of two 
and a half years, during which the investigation was being 
conducted by the National Research Council, over 25,000 of 
these blocks were examined and reported on in the laboratory 
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at the Massachusetts Institute of Technology, the use of the 
laboratory being given to me through the courtesy of Prof. 
S. C. Prescott. Instead of nine species, we soon discovered 
about thirty species of the Teredo group, causing the damage 
in the Atlantic and Pacific oceans and the Gulf of Mexico. We 
found one of the worst species in our waters to be the well- 
known Teredo navalis. At the time the investigation began it 
was thought this species was confined to European waters. 
There had been considerable controversy as to whether the 
Atlantic coast species was the same as the Pacific. The major- 
ity of specialists now feel certain that the European Teredo 
navalis is the same as that found along the Atlantic coast of 
the United States and also at San Francisco. This species, 
therefore, has a wide distribution, being found not only in 
Europe but in this country, from Provincetown, Mass., to the 
northern part of Florida. The southern tip of Florida, however, 
has an entirely different fauna, every species of shipworm found 
on the northern Atlantic coast disappearing on the tip end of 
Florida. South of Jacksonville, Florida, the shipworms belong 
to the West Indian and Bermudan group. Three of the latter 
group are also found in the Pacific Ocean, in the Hawaiian 
Islands, the Philippines and at Samoa. Previous to this in- 
vestigation it was thought no species had such wide distribution. 
We now have six species from the Atlantic Ocean which we 
know to be identical with the species in the Pacific. It is rather 
important to know just what these species of shipworms are 
to be able to identify them, because each has its own habitat. 
Some cause great destruction and others practically none. The 
amount of trouble they may cause depends entirely on the num- 
ber of young. Teredo navalis frequently has from one to two 
million young. Some species, on the other hand, rarely have 
more than forty young. The latter cause but little destruction. 
They are rare and it is difficult to find them. 

When this investigation started all the collections of ship- 
worms would go in one small-sized cabinet. To show the amount 
of work that has been accomplished by this investigation, which 
has been conducted on a more business-like basis than any pre- 
vious similar scientific study, the collection gathered together 
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could not be stored in one hundred similar cabinets. It is one 
hundred times larger than all of the previous collections in the 
world combined. This is due to the efforts of the engineers on 
the Committee in interesting the railroads and a number of 
government bureaus in giving assistance by placing test boards 
on their shore properties and of forwarding the blocks to me 
with considerable regularity. The amount of literature pub- 
lished since the investigation, with a direct bearing on this prob- 
lem, has been large, and has resulted in bringing together all 
that is known at the present time concerning the various borers. 

Figure 2 shows the disaster in San Francisco which was the 
direct cause of the investigation by the National Research 


Fic. 2. — MunicrpaL WHARF AND House, BENICIA, CALIFORNIA, 


Collapsed October 7, 1920. 


Council. This is a portion of the damage which was estimated 
to have caused a loss of about twenty million dollars and also 


the loss of several lives. 
Figure 3 shows a specimen of one of the common marine 


borers — a Bankia, one of the two big molluscan genera. i lie 
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is the shell with which it does its boring, the portion which first 
enters the wood; ‘‘b,” the posterior end of the animal, which 
remains firmly fixed just within the external opening in the 
wood where the embryo first enters; and “‘pa,’’ the pallets 
with which the animal plugs the hole. When enemies irritate 
the sensitive protruding siphons, or the water becomes too fresh, 
the animal can plug the hole very tight with these pallets. 
“Rs” are the siphons through which the animal takes its food 
from the water. When the pallets are withdrawn within the 


Fic. 3. — BANKIA, A COMMON TYPE OF MARINE BORER 


tube the siphons protrude through the hole, one to take in food 
and water, the other to expel any undigestible matter. When 
the animal is disturbed the siphons are quickly drawn in and the 
pallets are pushed out to securely plug the hole. Specimens can 
remain in this position for several weeks waiting for more favor- 
able conditions. A sudden freshet er a drop in the salinity of 
the water will cause the shipworm to do this, but it will retain 
enough salt water within its gills to stay alive for this period, 
and they have been known to live for thirty days in this way. 

Figure 4 is a reproduction of the left valve of a Teredo; 
“‘a”’ is the anterior area, bearing the dental ridges with which 
the animal rasps off the wood. Strangely enough no matter 
how widely the species may be removed in other characteristics, 
these rasping teeth are nearly always identical. At first in the 
investigation an endeavor was made to determine some distinct 
characteristic by which means the species might be quickly 
distinguished, and it was thought that these teeth could be used 
as’a means of classification. Mr. Nelson Fuller made careful 
photomicrographs of a great number of these very minute 
rasping teeth of nearly all of the known species. The shell of 
the largest species is rarely more than 10 mm. in height and there 
are many thousands of these cutting teeth. However minute 
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the species may be, those teeth, which are used in rasping off 
the wood, are nearly always just alike in the different species. 
It makes little if any difference whether individuals are boring 
into white oak or mahogany or white pine, the cutting teeth 
remain almost exactly of the same pattern. 

The entire classification of the species of Tereinide is based 
almost entirely on the pallet. In the Bankia the pallet forms 
soon after the embryo enters the wood and the numerous sec- 


Fic. 4. — Lert VALVE OF A TEREDO. 


‘“‘a’’ anterior area bearing dental ridges. 


tions are added as the animal grows. In the Teredo proper the 
pallet starts in the form of an embryonic pallet and keeps its 
original shape, developing gradually in size as the animal in- 
creases. 

By means of the test boards it has been possible to closely 
estimate the rate of destruction caused by Teredo navalis. In 
ten weeks the tubes will frequently attain a length of 10 mm. 
Frequently in eight weeks standard size test blocks will be 
entirely destroyed. Oak blocks 6 inches square and 8 inches 
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long which were submerged for twelve weeks at Galveston, 
Texas, were entirely destroyed. 

Figure 5 shows the surface of wood which has been attacked 
by the Teredo. The small dark spots are the external openings 
of the tubes. The larger white spots are calcareous barnacle 
bases. These openings are relatively large, in many cases in 
firm solid wood the openings are so minute that it is difficult to 
see them with the naked eye. The tubes of one shipworm will 
never interfere with the tube of a neighboring worm. If all 
progress is blocked by the tubes of its neighbors, an individual 
will not break through into the tube of another but will stop 
enlarging its tube and remain in that position, living and appar- 


Fic. 5. —SuRFACE OF WooD ATTACKED BY TEREDOS. 


Small dark spots are the external openings of the tubes. Larger 
white spots are calcareous barnacle bases. 


ently thriving for a year at least without increasing in size. This. 
leads me to believe that the shipworm does not necessarily need 
to have wood for food. It has been thought, and much has been 
published tending to prove, that the shipworm digested and 
obtained nutriment from the wood it consumed. Possibly this. 
is true, but if a specimen has not progressed for a year, has had 
no wood to consume and yet is apparently thriving at the end 


of that period, it seems to prove quite conclusively that it does 
not need wood to sustain it. 
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The crustacean Limnoria always lives near the surface of 
the wood, eating away thin layers from the surface. It assists 
the Zeredo in its destruction, entering the Teredo burrow after 
the original occupant has disappeared, and starting its own 
burrow there. The Jeredo will not interfere with the burrow 
of a Limnoria. 

On the Atlantic coast the shipworms frequently reach a 
total length of from sixteen to eighteen inches. On the Pacific 
“coast specimens of Bankia have been found with tubes four 
feet in length. 
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DISCUSSION OF “ SOME TROPICAL WHARF CONSTRUC- 
TION” AND “MARINE PILING INVESTIGATIONS OF 
“THE NATIONAL RESEARCH COUNCIL.” 


Cot. WiLt1AmM G. Atwoop:* The paper presented by Mr. 
Barnes is one of great value to engineers and owners of wharves 
in harbors infested by marine borers. Records of different types 
of protection with such clear information as to the methods of 
construction and their cost are rare. Construction records and 
inspection reports at intervals furnish the only reliable means of 
deciding on the relative value of different methods of protection, 
and they enable the engineer to determine the equated annual 
cost of such methods. One of the most difficult problems in the 
study of marine structures just completed by the Committee on 
Marine Piling Investigations of the National Research Council, 
of which the speaker was Director, was the securing of just such 
information as is furnished by Mr. Barnes in this paper. Infor- 
mation that a certain structure was built in a certain year and 
failed in a certain other year, without details as to methods, 
materials and costs, gives little data from which to draw con- 
clusions. If more engineers would make their records available, 
the selection of proper and more economical types of construc- 
tion could be made much more easily. 

One or two remarks in regard to specific structures men- 
tioned by Mr. Barnes may be pertinent. The condition reported 
at Puerto Barrios, where the marine borers seemed to attack 
in a narrow belt immediately below low tide, is very unusual. 
Limnoria frequently make their heaviest attack near the low- 
tide level, but the teredine borers almost universally are the 
most active near the mud line. The theory that this peculiar 
condition at Puerto Barrios is the result of turbidity is one in 
which a number of biologists concur. It may, however, be 


* Consulting Engineer, 50 Church Street, New York City; Joint Author of ‘‘ Marine 
Structures — Their Deterioration and Preservation,” the Report of the Committee on Marine 
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doubted whether turbidity will always have a protective effect 
since little is known of the effect on the borers of the various sub- 
stances which cause turbidity. 

The failure of the yellow (Muntz) metal sheathing used at 
Puerto Barrios is similar to many others reported from other 
parts of the world, though a few cases are recorded where this 
metal has given good service. It seems that it is possible to so 
manufacture this metal that electrolytic corrosion will not be 
set up, but in only a few recorded cases has this been done. 
Muntz metal has generally been placed over a layer of ship 
felt, as has frequently been the practice with copper sheathing. 
In the case of copper the speaker thinks that better results might 
be obtained if the felt were omitted. One case is recorded in 
Tacoma, Washington, where copper-sheathed piles were un- 
attacked after thirty years service even though holes had ap- 
peared in the sheathing. There had been a heavy deposit of 
copper salts on the piles which apparently formed an efficient 
protection. 

The subject of the protection of timber.structures from the 
attack of marine borers and that of the construction of masonry 
which would resist the attack of the sulphates in sea water have 
been live ones for several thousand years, and so far there seems 
to be no method for securing either result on which engineers as 
a whole can agree. The use of various methods is too often de- 
cided from the standpoint of first cost, and not infrequently 
because of the eloquence of an enthusiastic salesman. It is 
clear in the mind of the speaker, as the result of his studies for 
the last three years, that there are only one or two of the most 
expensive types of protection for timber which even approach 
permanency. Masonry structures can be built so that their life 
will be very long, but unfortunately most of them are not so built. 

In order of cost the methods of protection for wooden 
structures may be classified into coatings, impregnation, and 
armor, while substitutes such as concrete and metal are still 
more expensive and durable materials. 

Coatings ranging from paints up to a structure built up of 
wire mesh and asphaltic or bituminous materials give protec- 
tion for short periods, varying from a few months to a few years. 
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For temporary structures and structures for the construction 
of which money is not available in sufficient amount to secure 
better protection, coatings are the best available method. 

Impregnation with toxic or repellant chemicals is efficient 
so long as the effective elements are not dissolved or leached out 
by the sea water. Creosote is the most widely used and the 
most effective material for impregnation, although many failures 
after short service of creosoted piles are recorded. In spite of 
its many years of use there is little definite knowledge as to 
which constituent in the very complicated chemical structure of 
creosote is responsible for the protective value of this material. 
It is hoped that the exhaustive series of experiments now being 
carried on by the American Railway Engineering Association 
and the United States Forest Products Laboratory may furnish 
this information and thus make it possible to draw a specifica- 
tion for the best creosote available. Until this information is 
available the best specification is probably that of the American 
Railway Engineering Association for No. 1 creosote. 

Service records show conclusively that the temperature of 
the water has a decided effect on the life of creosoted timber. 
Douglas fir with a 12-pound treatment and yellow pine with 
16-pound or 18-pound will give an ‘average of fifteen years’ life 
in the cool waters of the Pacific or North Atlantic, while pine 
creosoted to refusal (22 to 30 pounds) will not have an average 
life of over eight or ten years in the Caribbean. In some Carib- 
bean, Gulf and Pacific Island harbors where the Martesia is 
active, creosote impregnation cannot be depended upon to give 
protection for any considerable time. 

Many tropical and subtropical timbers have been from time 
to time reported to resist the attack of marine borers. Green- 
heart, such as was used by Mr. Barnes in the MacKenzie Wharf, 
is one of these, and it has a better record than most of the others. 
In England and Holland there are several Greenheart structures 
in good condition after twenty years’ use, while the same timber 
failed completely at Panama in eight years. Some of these 
failures occurred in practically fresh water, and similar failures 
in fresh water are reported from the Ganges in India, where 
there is a species of Teredo found in fresh water. 
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Pile armors, which include fabric and metal sheathing, 
vitrified pipe and concrete, and cast-iron casings, give sure pro- 
tection so long as they are unbroken; their value, therefore, is 
in direct proportion to their durability. Built-up fabric armors 
are fragile. None of the metals used for sheathing resist corrosion 
except copper, and this is sometimes torn by boats and floating 
débris, though if it remain undamaged it is one of the most 
long-lived armors known. Vitrified pipe is easily broken and is 
therefore only useful in still water, where floating objects are 
not likely to come in contact with it. Concrete armor may be 
built on the pile, as was that described by Mr. Barnes, or it may 
be built in the form of a pipe or sleeve and placed after the pile 
is driven. If well made and undamaged it will give good service, 
though even if as well built as that described in Mr. Barnes’ paper 
it will deteriorate on account of the gradual breaking down of 
the cement. Cast-iron casings are the most durable and can 
usually be depended on to give protection for fifty years or more. 

Concrete, granite masonry and cast or wrought iron struc- 
tures if properly designed and built will outlast any timber 
structures, except perhaps those protected with cast iron cas- 
ings. Such a result is not however to be depended upon with 
concrete unless either the Portland cement be improved by the 
addition of soluble silica or some other cement chemically stable 
in sea water be used. In this country there has been much less 
study given binding agents used in contact with sulphate bearing 
waters than in Europe. In Europe the use of pozzuolana, trass, 
diatomaceous earth and other materials containing soluble silica 
with Portland cement is quite general, and in the United States 
it is practically unknown, with the result that the European 
structures are more durable. 

The high alumina cement manufactured in France is also 
a material stable in sulphate-bearing waters and has other ad- 
vantages over Portland cement as well. Its cost, however, is 
much higher. 

The writer agrees with Mr. Barnes as to the general unre- 
liability of concrete poured in salt water, but it should be remem- 
bered that the point of greatest chemical attack as well as the 
usual point of mechanical damage is in the tidal range. 
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Cast and wrought iron structures have very long life, as 
shown by the Royal Terrace Pier built of cast iron near Grave- 
send, England, in 1844, and still in good condition, and the 
lighthouses on the Florida reefs, built of wrought iron seventy 
years ago and still in service with a very small maintenance 
charge. A comparison of service records which appears on pages 
159 and 162 of ‘‘Marine Structures — Their Deterioration and 
Preservation” is as follows: 


A comparison of the tabulations of the concrete, cast iron and wrought 
iron and steel shows 9 concrete structures over forty years old, of which 5 
are said to be in good condition; 10 cast iron structures, of which 8 are in 
good condition; and 5 wrought iron, all more or less corroded but still in 
service. 

Of structures between twenty and forty years old, there are 25 concrete 
structures, of which 8 have shown practically no deterioration; 7 cast iron, 
4 of which are good and 3 have had minor replacements; 12 wrought iron 
and steel, of which 3 are good and all but one of the other 9 show only a 
relatively small amount of corrosion. 


There have been so few marine structures built in this country 
which have had long life that an engineer is perhaps likely to 
overlook the fact that for some structures this long life is not 
desirable and therefore that a high construction cost is not justi- 
fied. An engineer should never overlook the factor of possible 
obsolescence, as more reliable and durable and probably more 
expensive construction materials become available. 


SturGIs H. THORNDIKE: * At the easterly end of the Boston 
Army Supply Base is a filled area oblong in shape and extending 
out towards the ship channel like a broad wharf. Before build- 
ing the pier shed for the navy on this area the filling was enclosed 
between two bulkheads, parallel and about 250 feet apart, each 
of them being some 850 feet long. 

Reinforced concrete sheet piles, united at the tops by cap 
beams, were used to form these bulkheads, which were directly 
exposed on the outer side to sea water, though protected to a 
considerable measure from blows of floating objects by a wooden 


* Of Fay, Spofford & Thorndike, Consulting Engineers, 200 Devonshire Street, Boston, 
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wharf construction outside of the bulkhead. The bulkheads were 
secured against overturning by being tied together at the top. 
To the cap beams of the piles were fastened long steel tie rods 
extending completely across the fill and embedded in the con- 
crete framing of the pier shed floor. The piles not only resisted 
earth pressure, acting as beams held at the top by the tie rods 
mentioned above and at the bottom by the resistance of the 
earth into which they were driven, but they also acted as columns 
subjected to the weight of the outer portion of the pier sheds; 
hence it was necessary that they be heavily reinforced. In view 
of the importance of these piles every effort was made to secure 
a concrete that would be uninjured by the action of the sea 
water. 

The piles were made of a dense concrete mixed in the pro- 
portion of 1:15:3, the coarser aggregate being gravel, and were 
molded in a horizontal position. The concrete was well rammed 
until the upper surface was flush with water, this surface then 
being given a smooth finish before the concrete had set. In 
driving care was taken to place this specially finished surface on 
the water side of the bulkhead. 

The piles were 18 by 21 inches in cross section, the 21-inch 
dimension being at right angles to the line of the bulkhead. 
They were tongued and grooved in order to hold them in line 
while driving and to make the bulkhead as tight as possible. 
The corners of the piles were rounded in order to prevent spalling 
of the otherwise sharp corners. 

The piles were cast in the summer of 1918 under rigid 
engineering inspection, and no pile was driven until it was at 
least thirty days old. Considerable difficulty was experienced 
in driving the piles and the excellent character of the concrete 
was well shown by the resistance of the pile to injury under the 
driving of the ten-ton steam hammer used. 

In January, 1924, a careful examination of these sheet piles 
was made by a group of engineers, including Colonel Charles R. 
Gow, Construction Quartermaster of the Base, representatives 
of the Raymond Concrete Pile Company which fabricated and 
drove the piles, and members of the firm of Fay, Spofford & 
Thorndike, designing and supervising engineers. The condition 
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of the piles after five and one-half years of service was found to 
be remarkably satisfactory. Each of the piles was observed from 
a motor boat and no pile showed any visible defects. In addi- 
tion to this general inspection a closer examination was made of 
certain of the piles, chosen at random, by scraping off the outer 
layer of oil and mud between high and low water, striking with 
a hard steel pole the surface thus exposed, and attempting to 
scratch it with a hard steel tool. The pile surface disclosed after 
scraping was in each case found to resemble an iron plate and 
to resist the efforts to scratch it to demonstrate sufficiently that 
the concrete was at least as hard then as when the piles were 
driven. 

The fact that these piles showed no deterioration during five 
and a half years is excellent evidence of the resistance that first- 
class concrete, with a hard smooth surface, offers to sea water. 

It may also be of interest to mention, in connection with 
pier construction, a method of creosoting used for the piles of 
the State Pier in Portland, Maine, whereby an estimated saving 
of 80,000 gallons of oil was made through the leaving on of the 
bark and inner skin for a distance of 30 feet from the tip. 

For the unpeeled portion of the pile an allowance of 4 pounds 
of oil per cubic foot was made, and for the remainder of the pile, 
16 pounds per cubic foot. On this basis, assuming the piles to 
vary uniformly from tip to butt and to conform to specified 
diameters, there was an estimated saving in oil of 80,000 gallons, 
which at 12 cents per gallon is equivalent to $9,600. 

The saving in cost of labor in not peeling the piles amounted 
to one cent per lineal foot of pile, or a total of approximately 
$1,700. This saving was offset to a certain extent by the fact. 
that the bark caused some trouble in the creosoting cylinders. 
We have, therefore, estimated the total saving in labor due to 
leaving on the bark as $1,000. 

Epwarp S. Larnep:* During the past few years the atten- 
tion and interest of engineers engaged in construction along the 
seacoast or in tidal waters have been directed to a study of the 
behavior of reinforced concrete because of the reported deteri- 


* Civil Engineer and Specialist in Cement, Sand and Concrete, 79 Milk Street, Boston, 
Mass. 


DISCUSSION, 433 


oration of certain structures built under these ““exposure”’ 
conditions, and it is more important to ascertain the cause of 
the failure than the mere record of the condition of the work. 

It is indeed interesting to note that Mr. Barnes, in his 
description of wharf construction in the tropics, in a summation 
of experience dating back fifteen or more years, states that in 
fighting marine pests he has come to rely upon properly placed 
and properly reinforced cement concrete and cement mortar to 
withstand disintegration by sea water and consequent animal 
invasion. He puts very proper emphasis upon the necessity of 
using good materials in proper proportions, and executing the 
work under skilled supervision. 

Correct design and a correct specification are of course 
necessary in any worthy construction, but without skilled super- 
vision and execution they are powerless to prevent partial fail- 
ures which, under certain ‘‘exposure’”’ conditions, may result in 
ultimate destruction. This applies with particular force to 
marine construction, and experience shows the necessity of 
entrusting the execution of this work only to organizations 
having a personnel of experience and integrity. 

In the past few years engineering opinion has become much 
more conservative in the design of reinforced concrete for sea- 
water exposure, particularly with reference to the selection of 
aggregates, proportioning, and the depth of the imbedment of 
the steel reinforcement. There still remains, however, a wide 
range of opinion regarding the necessity of adopting the most 
conservative provisions, which rather emphasizes the personal 
equation involved in the direction and execution of the work. 

The attention of the engineering profession has been very 
successfully called to the importance of a careful selection, 
particularly of the fine aggregate, a correct water ratio, and the 
necessity of scientific proportioning and thorough mixing, as a 
result of the enormous amount of research and experimental 
work notably on the part of the Lewis Institute, United States 
Bureau of Standards, and the Universities of Illinois and Wis- 
consin, together with the work of various municipal and state 
boards of public works. Notwithstanding the careful prepara- 
tion of specification and design, the work is often entrusted for 
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execution to men of little experience, who are unable to secure 
the results that should follow this careful preparation. 

As a result of long experience I am convinced that, so far 
as the engineering organization is concerned, the most important 
man in securing the desired result is the inspector or superin- 
tendent of construction, and too often we find that men for these 
positions are selected with a view to salary requirements, and at 
times from a class almost entirely lacking in appreciation of the 
responsibilities entrusted to them. The plea of the speaker 
would be for the training and development of men for this most 
responsible duty, and for a better recognition of their importance 
on the part of engineers of perhaps higher rank, expressed in 
their every-day fraternal and professional relations. 

While, as a result of the extensive study of sands, we are 
impressed with the importance of a scientific selection and grad- 
ing, still on a wide variety of work we resort to empirical pro- 
portions of cement, sand and stone, taking the sand furnished 
by the local market and basing our acceptance of it upon com- 
parative tests for strength with our standard laboratory Ottawa 
sand; and providing our proportions are sufficiently rich in 
cement, we get a very satisfactory concrete for the great ma- 
jority of work. But for concrete exposed to sea water, or in 
fact to fresh water, it is highly important that we consider what 
these empirical proportions mean as affecting not only the 
strength, but the density and impermeability of the concrete. 

The importance of a proper consistency, which is influ- 
enced not alone by the water content but also by the fine aggre- 
gate and the relative size of the coarse aggregate, is recognized; 
yet, unless under absolute control by the use of the slump test 
or flow table, we find too great a variation in the results which 
could and should be corrected. Indifference on the part of the 
inspector or contracting force is primarily responsible for this 
condition. ; 

Let us for a moment consider the unit of measure of the 
cement content. The proposed standard specification of the 
Joint Committee assume’ one bag of cement, 94 pounds net, to 
be 1 cubic foot, and there are specifications in force today that 
consider the barrel anywhere from 3.5 cubic feet to 4 cubic feet. 
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Many years ago, when Mr. Howard A. Carson began the 
construction of Boston subways, he determined the cubical 
contents of American, English and German cement barrels, and, 
as I recall the figures, found the American cement barrel to be 
slightly the largest and to contain a little less than 3.5 cubic feet 
between heads. It was a very common practice in those days 
to use the cement barrel as the gauge for sand and stone. It 
should be remembered that the cement barrel of today, al- 
though subdivided into four cotton or paper bags, is the same 
cement barrel of twenty-five years ago, and still we find so im- 
portant a body of engineers as are included in the Joint Com- 
mittee calling the barrel today 4 cubic feet. 

Engineers very commonly look upon a barrel of cement as 
containing either 3.5 cubic feet or anywhere up to 4 cubic feet 
of cement, but under the standard specifications for cement 
the manufacturer is allowed a residue on the 200-mesh sieve of 
22 per cent. This residue and something more below this size 
has not been reduced to the degree of fineness requiréd to com- 
bine with water and set hard in a crystaline mass, — in other 
words, if the residue on a 200-mesh sieve is mixed with water, 
it will not set up. 

This residue, which is nothing other than fine-ground 
clinker, might serve to reduce the voids somewhat in certain 
sands but would not act as a binder, so when we are designing 
a concrete of the greatest density and impermeability, should we 
not take this into account in fixing our sand proportion? 

For the purpose of showing what this would mean in cer- 
tain popular fixed proportions, let us assume that 25 per cent 
of the contents of the cement barrel is inert as a cement binder, 
and that the barrel does actually contain between heads 3.5 
cubic feet in volume, it would then follow that the actual cement 
of binding value would amount to 2.625 cubic feet per barrel, 
and the more or less popular proportion of 1 cement to 1.5 sand 
(based on 4 cubic feet per barrel for sand) would then mean 1 
cement to 2.28 sand; the 1 to 2 mortar would become 1 to 3.05; 
the 1 to 2.5 mortar, 1 to 3.8; and the 1 to 3 mortar, 1 to 4.57. 

Average commercial sand may be considered to contain not 
less than 35 per cent voids, and there is doubtless a great deal 
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of sand used that will run nearly up to 50 per cent voids, so it 
seems to the speaker that in concrete designed for sea water above 
mean low tide level, or for fresh water within the limits of the 
rise and fall of the water level, we should not attempt a mortar 
mixture leaner than 1 cement to 1.5 sand, and this might be 
varied slightly following the determination of sand voids, giving 
due consideration to an increase in these voids on account of 
excess water content. It might be more impressive, when: ex- 
pressing concrete proportions, to say, instead of 1 part cement 
to 2 parts sand to 4 parts stone, 1 barrel of cement to 8 cubic 
feet of sand to 16 cubic feet of stone, if the barrel unit of measure 
is to remain 4 cubic feet. 

There appears to be no danger to plain concrete below 
mean low water and little danger above this point if care is 
exercised in the selection of aggregates, proper proportions and 
a proper consistency used, and if care is taken in the placing of 
the concrete, but this cannot be said to be the fact in reinforced 
concrete, and for work of this class the utmost caution is required. 
The danger lies principally in the corrosion of the steel reinforce- 
ment, and the suggestion of one of our leading engineers, who 
has had a wide opportunity for observation and examination of 
old structures, is that the steel should have an imbedment of 
not less than 4 inches from the side of the concrete exposed to 
sea water above mean tide. Galvanized reinforcement seems 
to have been entirely free from this trouble, and perhaps with 
the recognized need of steel for this use, the metallurgist will 
produce rustless steel possessing also the other required qualities. 

Lewis E. Moore:* It might interest those present to know 
that in Seattle Harbor the trestles of the Great Northern Rail- 
way, with untreated piles, have been eaten away in five months, 
and they renewed them at that time interval. 

As I read the advance copy of the paper I was struck by 
the use of Muntz, or yellow metal, the composition being given 
as 40 per cent copper and 60 per cent zinc. Of course this is one 
of the brass alloys. It occurred to me in reading it that it would 
be rather dangerous to put much money into that type of pro- 
tection, because an imperfect alloy would result in galvanic 
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action, particularly in salt water, which would result in rendering 
the protection useless. 

The shipworm has been known for many hundreds of years. 
All shipwrights had their troubles with shipworms because they 
ate the ships very soon, particularly those engaged in the tropics 
or West Indies. The method of protection was with copper 
sheathing on the bottom of the ships, which was effective as long 
as the copper remained intact. 

In reading up on this subject I came across a record of a 
pier which is doubtless familiar to Colonel Atwood, although I 
don’t remember where it was—lI think in some California 
Harbor. Here the piles were protected by sheet copper nailed 
around them from a point a few inches below the mud line to a 
point at least above high water. After about thirty-eight years 
the pier was removed and the piles found to be in perfect 
condition. Some of them were afterward redriven in another 
place. 

The use of wrought iron or cast iron is rather interesting. 
One example of wrought iron occurs to me in connection with 
the Siades Ferry bridge in Fall River, in which the piers are 
cylinders approximately ? of an inch thick, of wrought iron, and 
filled with concrete. Those were built in 1874, and the cylinders 
are still in very good condition though there are some few signs 
of corrosion. 

As Colonel Atwood mentioned, there are really a great 
many possibilities in the use of cast iron as a protection. It is 
a substance that lends itself peculiarly well to such a use, because 
from its very nature its exterior is coated with a shell of hard 
metal, much harder than the interior, as most of you who have 
worked in cast iron realize. Consequently, it is well adapted to 
resist corrosion. It might be possible to design a cast-iron pile, 
not using it as a cylinder to be sunk and filled with concrete, but 
filling it with concrete and driving preferably by water jet 
wherever possible, because it always seemed to me rough treat- 
ment to drive concrete or cast iron with a hammer. Where 
_ there is a rather sandy bottom, piles of that nature could be 
sunk by water jet, and I think they would form a very good 
foundation and one that should be dependable. 
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H. S. Wricut:* I should like to call to Colonel Atwood’s 
attention a concrete structure in sea water which he may not 
know about. It is a concrete ship (The Polias) wrecked on 
Cilley Ledge off the coast of Maine in 1920. The coverage of 
the steel was only 1 to 4 inch. I had the pleasure of going 
aboard that ship and inspecting it rather carefully about a 
year ago. The outstanding feature was that on the lee side, 
where it did not get the full force of the heavy sea, there was 
practically no exposure of the steel; no indication of rust. On 
the weather side for a distance of perhaps 60 feet aft from the 
cutwater the steel was exposed in spots, and rust streaks marked 
the location of practically all the other bars of the outer mat. 
The ship lies well out of water at all tides on a submerged ledge, 
about 24 miles off shore, and is rigidly held fore and aft by the 
ledge. The location is one of the most exposed on the north 
Atlantic coast. In this concrete vessel the mix was rather 
peculiar, — I believe it was 1 cement to ? parts clean sand and 
13 parts gravel from New York Bay. 

CoLONEL Atwoop: I knew that ship was there but had 
heard no discussion of it. These ships were very interesting 
pieces of work on the whole, but from the standpoint of a harbor 
structure we wouldn’t expect any deterioration in so short a 
time. In Europe they use much less cover over their bars than 
we do and their life is about the same. 

The structure, covered with copper sheathing, which Mr. 
Moore mentioned, was in Tacoma. 

The theory that the Teredo will not cross a crack is a very 
common one, but has been proven to be incorrect by the experi- 
ments of the Committee. I have known an instance where a 
' Teredo crossed a crack slightly over + inch wide. 

Mr. THORNDIKE: I should like to ask Colonel Atwood 
what his opinion is of that film of oil and mud, etc., that occurs 
in Boston. It seems to be pretty effective as a protective coat- 
ing. 

CoLonEL Atwoon: I think it probably does have some pro- 
tective value. I wouldn’t say, though, that it would be perma- 
nent. I think the sulphates will get through it in time. The 
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French have been experimenting recently with a pitch coating 
with which they frequently paint their concrete above low water. 
The Chief Engineer of the Department in the south center of 
France told me this year that they were quite encouraged with 
the results. So a surface coating of that nature does give some 
protection. The method being used at Los Angeles now is per- 
haps still more interesting. They cast a concrete pile and then 
give it an asphalt treatment similar to the open tank treatment 
of timber. There is some question whether it doesn’t crack the 
pile on account of the coefficient of expansion of the reinforcing 
being greater than that of the concrete. When asked, they 
admitted that it sometimes did but stated that the cracks closed 
up again when the pile cooled-off. 

Henry S. ApAms * (by letter): The paper presented by Mr. 
Barnes is most interesting and instructive: interesting in that 
it tells of foreign countries and conditions, instructive in that 
it gives facts and figures, explains conditions and problems, and 
states the reason for the choice of the particular type of struc- 
ture for each locality. 

The only wharf built on wooden piles without protection 
from Marine Borers mentioned was at MacKenzie, British Gui- 
ana. .The only place on the North Atlantic seaboard which is 
free from Marine Borers, so far as the writer knows, is the harbor 
at St. John, N. B. This is probably due to the large amount of 
sediment in the harbor water brought down by the St. John 
River, and kept in suspension by the currents caused by the 
high range of tides. 

Evidence of live Teredo and Limnoria have been observed 
at Portland inner harbor; Portsmouth outer harbor; Rockport; 
Gloucester; Salem; Boston inner harbor as far up as the bridges; 
Constitution, Lewis, Commercial and Long wharves; the Met- 
ropolitan Coal Wharf; Summer Street, South Boston; Spectacle 
and Rainsford islands; Plymouth and Provincetown harbors; 
Cotuit and Falmouth harbors; Woods Hole; and all along the 
shores of Buzzards Bay and New Bedford harbor. Many of us 
recall the two serious accidents here in Boston due to wharf 
failures caused by the combined action of Teredo and Limnoria, 
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namely, at the Fitchburg Station and at Commercial wharf. 
Many of the failures of sea walls during recent years are due to 
the destructive action of Limnoria upon the piles under the walls, 
as for example, the wall at Lewis Wharf, north dock. At Long 
Wharf it is necessary to have periodic examinations made of. 
the wall foundations by divers, and clay and mud placed under 
the walls to protect the pile foundations. 

During the past ten years the use of creosoted pine piles 
in substitution for oak piles has been adopted by the writer for 
two reasons: one, the resistance offered by the creosote to the 
depredation of the Marine Borers; the other, the longer life 
from decay of the creosoted piles, as compared with the southern 
oak piles that are now the only oak piles available in the mar- 
ket. Some of the wharves recently built with creosoted piles 
are the Revere Sugar Refinery at Charlestown, Mass.; the Met- 
ropolitan Coal Company of East Cambridge, Mass.; and the 
coal wharf of the Pocahontas Fuel Company, Inc., at Portland, 
. Maine. At the present time the Pocahontas Fuel Company, 
Inc., is rebuilding another portion of its wharf with creosoted 
piles and timber. 

( The State Pier at Portland, Maine, for which Fay, Spofford 
& Thorndike were the engineers, is built on creosoted pine piles. 
The Long Wharf outfall sewer at Portland, Maine, also is being 
built on creosoted piles. The usual treatment is 16 pounds of 
creosote oil per cubic foot for piles, and 12 to 14 pounds for 
timber. A wharf with creosoted piles and timber costs from 25: 
to 33 per cent more than oak piles and untreated timber. 

The use of concrete in sea water especially north of latitude 
41° has been much discussed. There are many examples of the 
failure of concrete in sea water all along the coast from Halifax, 
N.S., to Fore River, Quincy, Mass. These failures are explained 
in various ways by the interested parties. Some of the causes. 
given are wave action, chemical disintegration, physical disin- 
tegration due to freezing, poor sand, poor or insufficient cement, 
too much or poor water, wrong proportions of aggregate, porous 
CONCFeTE; Etc: 

There are, however, examples of concrete in sea water which 
are exceptional and prominent because the concrete is standing 
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up all right. The most notable locally is the reinforced concrete 
sheet piling bulkhead around the Army Base at South Boston. 
This bulkhead last spring was as perfect as when driven in 1917 
or 1918, and showed no evidence of disintegration in any way. 
The main reasons given for the durability of this bulkhead are 
a selected aggregate properly graded to secure a dense mixture, 
a proper and carefully tested cement, the use of a minimum 
amount of water, and extreme care in the mixing and placing of 
the concrete. 

The Pocahontas Fuel Company, Inc., is having a reinforced 
concrete sheet pile bulkhead constructed at its wharf at New 
Bedford, Mass. This concrete bulkhead is for the purpose of 
protecting a 12-inch hard pine bulkhead which was built in 1917, 
but which is being rapidly destroyed by the Teredo, assisted by 
the Limnoria. The concrete sheet piles are 42 feet 3 inches long, 
18 inches wide, and 16 inches thick. The aggregate is from local 
banks and is composed of screened gravel ? of an inch and under, 
and sand. The fineness modulus of the sand is 3.29, of the 
gravel 7.75, and of the combined aggregate 5.16. By water 
tests the voids in the sand are 33 per cent, in the gravel 42 per 
cent. The normal mixture is 1:14:3. This ratio has been varied 
somewhat, but the ratio of 1 cement to 43 aggregate has been 
maintained with the result that the concrete produced will ab- 
sorb in a seven-day immersion test only 3.36 per cent of water 
by weight. The reinforcing steel is placed 2 inches from the 
outside of the piles. The concrete sheet piles will be capped 
with a reinforced beam connected by means of reinforced con- 
crete ties to concrete ‘‘deadmen”’. The portion of the pile ex- 
tending above extreme low water has been waterproofed, and 
the concrete beam above the piles will be encased in 2-inch 
creosoted plank as a protection from freezing, ice, and wave 
action. The top of the concrete beam will be just below mean 
high water. The cost of this bulkhead will be approximately 
$175 per running foot. 

The writer, although putting in a reinforced concrete bulk- 
head at New Bedford, is a firm believer in stone walls for per- 
manent construction in sea water, where the walls can be founded 
directly on the clay, as in the case of the Fish Pier at South 
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Boston; or on piles cut off below the level of the proposed dock, 
as in the case of the Revere Sugar Refinery wharf at Charles- 
town and at Lewis Wharf in Boston proper; or where the pile 
foundation can be protected by filling and riprap, as in the case 
of the walls now being built for the Salem Terminal Company 
at Salem, Mass. 
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Boston, October 15, 1924.— A regular meeting of the 
Boston Society of Civil Engineers was held today in Chipman 
Hall, Tremont Temple, and was called to order by the Vice- 
President, Richard K. Hale, at 7.30 p.m. There were about 100 
members and guests present. 

The minutes of the previous meeting were approved as 
read. 

It was voted that the Board of Government be authorized 
to use the income from the permanent fund for the current year 
to such an extent as they deemed necessary in payment of the 
current expenses of the Society. This vote was also passed at 
the meeting on September 30, 1924, but in accordance with the 
By-Laws an affirmative vote by the Society at two successive 
regular meetings is necessary to authorize such action. 

Mr. R. K.: Hale, Vice-President, stated that an Affiliation 
meeting had been planned for Wednesday, November 19, 1924, 
at which Mr. E. J. Mehren, Vice-President of the McGraw-Hill 
Company, would speak on ‘‘The Economic Outlook in Europe.”’ 
In accordance with a recommendation from the Board, it was 
voted that the Society omit its regular November meeting in 
order to take part in the Affiliation meeting. 
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Mtr. Hale then introduced Mr. T. Howard Barnes, Consult- 
ing Engineer of New York City, who gave an illustrated talk 
on “Tropical Wharf Construction,”’ describing some of the work 
which he had done in South and Central America. 

Mr. William F. Clapp presented a brief résumé of the 
“Marine Piling Investigations’ which had been carried out by 
the National Research Council. Mr. Clapp had charge of the 
biological studies in connection with this investigation. He de- 
scribed the general work of the committee which prepared the 
report and showed slides of the marine borers and their destruc- 
tive action. 

Col. William G. Atwood, Consulting Engineer of New York 
City and a co-author of the special report on “‘ Marine Piling 
Investigations,” outlined those features of the report dealing 
with the types of pile protection which are in current use. 

Mr. S. H. Thorndike presented a brief report of an inspec- 
tion recently made of the bulkhead at the South Boston Army 
Supply Base, built of reinforced concrete piles in 1918. Mr. 
E. S. Larned discussed the precautions which should be taken 
in marine concrete construction, stressing particularly the need 
of careful choice of the materials and the need of thorough in- 
spection and supervision on work of this character. Mr. L. E. 
Moore discussed briefly Mr. Barnes’ paper and told of instances 
of marine pile destruction and of precautionary measures which 
had been adopted. Mr. H. S. Wright of the Portland Cement 
Association told of his recent inspection of a concrete ship 
wrecked some time ago off the coast of Maine. 

At the conclusion of the discussion, a rising vote of thanks 
was given to those, not members of the Society, who had pre- 
sented papers. 

The meeting adjourned at 9.45 p.m. 

J. B. Bascock, Secretary. 


DESIGNERS SECTION 


Boston, October 8, 1924. — The regular October meeting 
of the Designers Section of the Boston Society of Civil Engineers 
was called to order by Chairman, Edward H. Cameron, at 
6.15 P.M. 
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The report of the May meeting was read and approved. 
The report of the Committee on Prizes was read by its 
~ Chairman, Erwin Harsch, and approved. 

The report of the Committee on Committees was read by 
its Chairman, Scott Keith, and approved. 

The Chairman introduced Mr. A. J. Blackburn, Architect, 
Maintenance Department of the Boston Elevated Railway, who 
spoke upon “‘ Boston’s New Car Repair Shops at Everett.” Mr. 
Blackburn described in detail the layout and special features of 
the new shops and illustrated his talk with pictures of the old 
and new shops. 

Mr. A. L. Nelson, of the firm of Jackson & Moreland, de- 
scribed the illumination problems of the shops, and Mr. G. W. 
Allison, of Simpson Bros., told of the construction difficulties of 
the job. 

There were 53 members and visitors present. 

The meeting adjourned at 8 P.M. \ 

WALDO F. PIKE, Clerk. 


APPLICATIONS FOR MEMBERSHIP 
[November 15, 1924.] 


TuE By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideration. Communications 
relating to applicants are considered by the Board as strictly 

confidential. 
The fact that applicants give the names of certain members 
as reference does not necessarily mean that such members en- 
dorse the candidate. 
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The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 


For Admission 


Baratra, EpMunp AnTHony, Everett, Mass. (Age 21, b. Everett, 
Mass.) Graduate of Everett High School and now a senior at Northeastern 
University. Refers:‘to H. B. Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightin- 

le. 
ot BERTINI, GEORGE EUGENE, Everett, Mass. (Age 21, b. Boston, Mass.) 
Graduate of Everett High School and at present a senior at Northeastern 
University. Has worked for Daniel W. Hyde, civil engineer and surveyor, 
for two years. Refers to H. B. Alvord, H. A. Buck, C. S. Ell, J. W. Ingalls, 
W. E. Nightingale. 

Bowers, Moses Leo, East Boston, Mass. (Age 21, b. East Boston, 
Mass.) Is at present a senior at Northeastern University, and worked as 
detail draftsman for the American Architectural Iron Works during the 
summer of 1923. Refers to H. B. Alvord, C. S. Ell, J. W. Ingalls, W. E. 
Nightingale. 

Britt, FRANCIS VINCENT, Cambridge, Mass. (Age 19, b. Somerville, 
Mass.) Is a junior at Northeastern University. Refers to H. B. Alvord, 
C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

CootiwwcE, Ray L., Cambridge, Mass. (Age 42, b. Cambridge, Mass.) 
Graduate of Webster Grammar School, and two years at Rindge Technical 
School. 1901-02, rodman for City Engineer of Cambridge; 1902-03, drafts- 
man for Metropolitan Water Works, Boston; 1903-22 transitman for City 
Engineer, Cambridge; 1922 to date, assistant engineer for City Engineer of 
Cambridge, present work consists of general office work in charge of 
preparation of plans, estimates, etc., and a large amount of survey and plan 
work, with court attendance for the legal and police departments. Refers 
to H. T. Burrage, L. M. Hastings, G. F. Hooker, C. A. Mason. 

Davis, EDGAR W., Cambridge, Mass. (Age nearly 36, b. Cambridge, 
Mass.) Educated in the schools of Cambridge. In 1904-05 was rodman in 
Cambridge engineering department; 1906, transitman; and in 1910, assistant 
engineer in charge of sewer work. Since first of this year has been in charge 
of all outside work. Refers to H. T, Burrage, L. M. Hastings, G. F. Hooker, 
C. A. Mason. 

Frost, DANIEL CARTER, Newburyport, Mass. (Age 20, b. Holliston, 
Mass.) Is a student at Northeastern University. Refers to H. B. Alvord, 
C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

FRYE, Harotp Buster, Boston, Mass. (Age 22, b. Boston, Mass.) 
Is a senior at Northeastern University. Has worked summers for Highway 
Division, Massachusetts Department of Public Works. Refers to H. B. 
Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

HAmpE, Fritz F., Jamaica Plain, Mass. (Age 25, b. Boston, Mass.) 
Is a junior at Northeastern University. During the work periods at the 
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University has worked for Aspinwall & Lincoln as rodman. Refers to H. B. 
Alvord, C. S. Ell, W. E. Nightingale. 

HILTon, Henry B., Danvers, Mass. (Age 20, b. Danvers, Mass.) Is 
a junior at Northeastern University. During the work periods at the Uni- 
versity has been connected witn F. W. Stowers, C.E., Methuen, Mass. Refers 
to H. B. Alvord, C. S. Ell, W. E. Nightingale. 

KEPNER, HAROLD Raymonp, Boston, Mass. (Age 29, b. Mount Hope, 
Ohio.) Graduate of Massachusetts Institute of Technology, 1920, with 
degree S.B. in sanitary engineering. In 1920 was assistant engineer with 
Sanitary District of Chicago; 1921, with Illinois State Department of Health; 
1922, with Providence Water Supply Board; 1923, assistant, and in 1924 
instructor at Massachusetts Institute of Technology. Refers to J. B. Bab- 
cock, H. L. Bowman, K. C. Reynolds, C. M. Spofford, Hale Sutherland, 
F. E. Winsor. : 

McKenna, GEORGE ALBERT, Waltham, Mass. (Age 20, b. Waltham, 
Mass.) Is a student at Northeastern University. Refers to H. B. Alvord, 
C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

MELCHER, GEORGE HENRY, Salem, Mass. (Age 19, b. Salem, Mass.) 
Graduate of Salem High School and’now a student at Northeastern University. 
Refers to H. B. Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

NELSON, CARL HaArotp, Dorchester, Mass. (Age 22, b. Sweden.) 
Graduate of West Roxbury High School in 1920; now taking civil engineering 
course at Northeastern University. During work periods has been employed 
by Walter Baker & Co. and Hartley L. White. Refers to H. B. Alvord, C. S. 
Ell, J. W. Ingalls, W. E. Nightingale. 

Rustin, Morris, Roxbury, Mass. (Age 21, b. Boston, Mass.) Grad- 
uate of Boston English High School, 1921, and at present a student at North- 
eastern University. During work periods has been employed by C. L. Gannet 
as rodman, as transitman in town engineer’s office at Belmont. Refers to 
H. B. Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

SAWIN, GEORGE WASHINGTON, Dorchester, Mass. (Age 19, b. West 
Newton, Mass.) Is a student at Northeastern University. Refers to H. B. 
Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

SEMENYNA, WALDIMIR, Boston, Mass. (Age 22, b. Austria-Hungary.) 
Graduate of Rice Elementary and Mechanic Arts High School. Worked two 
years with Aspinwall & Lincoln during work periods while in school. Worked, 
for one year, 1922, with United Fruit Company in Puerto Castilla, and re- 
turned in 1923 to Northeastern-University. Refers to H. B. Alvord, C. S. 
Ell, J. W. Ingalls, W. E. Nightingale. : 

SHEPHERD, CHESTER Davis, Everett, Mass. (Age 22, b. Everett, 
Mass.) Is a senior at Northeastern University. During work periods has 
been employed by Thomas Appleton, C. H. Gannett, John Dyer, New Eng- 
land Structural Company, and is now with John Dyer, Melrose. Refers to 
H. B. Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

Srmonps, LERMOND Fares, Auburndale, Mass. (Age 21, b. Auburn- 
dale, Mass.) Has had two years at Massachusetts Institute of Technology, 


*6 BOSTON SOCIETY OF CIVIL ENGINEERS. 


now on two years’ leave, expiring October, 1925. June, 1923, to April, 1924, 
in field office of H. P. Converse & Co., constructing foundations for Bronx 
Terminal Market, New York Citv; May, 1924, to June, 1924, engineer on 
foundation of Dining Hall Building, Kent School, Kent, Conn.; in June, 
1924, was appointed assistant engineer in the water division of the Metro- 
politan District Commission, to act as inspector of 60 inch steel pipe line of 
Weston Aqueduct supply mains. Refers to Clifford Foss, W. E. Foss, D. P. 
Kelley. 

URQUHART, JAMES WALTER, Waltham, Mass. (Age 21, b. Waltham, 
Mass.) Is a student at Northeastern University. During work periods has 
had practice with R. H. Barnes & H. F. Beals, civil engineers. Refers to 
H. B. Alvord, C. S. Ell, J. W. Ingalls, W. E. Nightingale. 

VeRTIC, JOHN JosEpH, Lawrence, Mass. (Age 21, b. Newmarket, 
N. H.) Graduate of Lawrence High School in 1922; now.a student at North- 
eastern University, class of 1926. Refers to H. B. Alvord, C. S. Ell, J. W. 
Ingalls, W. E. Nightingale. 

Wo.trrum, Cart Apam, Boston, Mass. (Age 19, b. Roxbury, Mass.) 
Is a student at Northeastern University. Refers to H. B. Alvord, C. S. Ell, 
J. W. Ingalls, W. E. Nightingale. 


For Transfer 


Houser, GEORGE Crouse, Marblehead, Mass. (Age 26, b. Akron, 
Ohio.) Graduate of Harvard College in 1920 with degree of A.B., received 
degree of S.B. in Sanitary and Municipal Engineering in 1922 from Harvard 
Engineering School. From October, 1922, to August, 1923, was assistant in 
zoning with the Boston City Planning Board; since August, 1923, has been 
with the Massachusetts Department of Public Health, where he is at present 
assistant sanitary engineer. Refers to F. L. Flood, H. E. Holmes, H. J. 
Hughes, A. D. Weston, G. C. Whipple, Edward Wright. 
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LASSITER, RICHARD T. . , 261 Edgecombe Ave., New York, N. Y. 
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ALcorT, WILLIAM J., Jr. : : . 91 Chestnut St., Everett, Mass. 
Bowers, GEORGE W. . ; 1603 So. 21st St., Birmingham, Ala. 
Brown, C. LEONARD : : . 1316 Euclid Ave., N. W., Apt. No. 4, 
Washington, D. C. 

DANFORTH, GEORGE C. . ' ; ‘ 27 Weston St., Augusta, Me. 
Kipp, ALEXANDER L. . : . 1 Sea View Ave., Marblehead, Mass. 
McCurpy, H. S. R. : 223 Savin Hill Ave., Upham’s Corner, Mass. 
Mririck, GEORGE L. : . 1 Baker Ct., P. O. Box 1458, Cincinnati, O. 
MULCARE, THOMAS ; , 414 Mt. Auburn St., Cambridge, Mass. 
Hatey, F. W. : : F 2 Franklin Terrace, Melrose Hlds., Mass. 
_ ParKeER, Burton C. : : : 14 Batavia St., Boston, Mass. 
Parsons, ALFRED D. ; ; 4 Middletown Ave., Wethersfield, Conn, 
THomrson, WALTER L. . : : . 40 Lambert St., Medford, Mass. 
TooLe, CAMERON S. : : : Box 18, Russell, Mass. 
TyLer, RICHARD G. : 2) ile 153 Mass. Inst. Tech., Cambridge, Mass. 
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LIBRARY NOTES 
Book REVIEW 


“STRUCTURAL ENGINEERING — STRENGTH OF MATERIALS,”’ by George 
Fillmore Swain, Gordon McKay Professor of Civil Engineering, Harvard 
University. First edition. McGraw-Hill Book Company, Inc., New York. 
570 pages. 


REVIEWED BY LEwis E. Moore* 


For a number of years Professor Swain has given to his 
students mimeograph notes which have been used as texts in 
his courses. He has at last snatched the time from a very busy 
life as an engineer and teacher to expand and rewrite them en- 
tirely in permanent book form. 

His work on ‘‘Structural Engineering”? will comprise four 
volumes, of which the first two are complete. The first one, on 
“Strength of Materials,’’ is the one under review. 

There are many books on structural engineering and more 
books on strength of materials. Most of them approach the 
subject by laying down certain laws which have been discovered 
regarding the behavior of materials, and then derive mathe- 
matically the usual more or less well-known formulas for practical 
use. The result has too often been that students of these books 
have regarded the formulas as the final word and have applied 
them blindly, without regard to the limitations and other un- 
certainties of the experiments and data from which the laws 
were deduced, and without regard to the extent of their appli- 
cability. No one who studies this book could find the least 
excuse for such blind and slavish adherence to any of the formulas 
which are deduced therein. Professor Swain has used mathe- 
matics very freely, but has kept it in its proper position as a 
tool to aid reasoning, has always kept carefully to the fore the 
assumptions and limitations in the data, and has carefully 
avoided the introduction of mathematical juggling merely for 
the sake of swimming through a sea of integral signs and coming 
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up on the other shore with a result that is supposed to be appli- 
cable per se under all sorts of conditions to all sorts of materials. 

The philosophy of the subject has been emphasized through- 
out and great care has been taken not only to state clearly what 
the laws governing the behavior of materials have been dis- 
covered to be, but also to state within what limitations of ex- 
periment or reasoning these laws can be logically expected to 
hold true, and the uncertainties underlying the assumptions 
upon which the various formulas commonly used are based. 

In the brief space of a book review it is not possible to 
touch as fully as is desirable on the many excellent and unusual 
matters included. The review would be incomplete without 
mentioning more particularly such passages as the foot note on 
page 187: “It is important that the reader should acquire the 
habit of interpreting all algebraical expressions — otherwise 
they remain mere abstractions or combinations of letters in his 
mind, and he fails really to grasp them.” 

The treatment of actual distribution of normal strain and 
stress is most illuminating and makes very clear the actual con- 
ditions and the errors that one may easily fall into, even though 
he may think that he understands the subject thoroughly. 

As an instance of the manner of treatment of the subjects 
it is to be noted that in riveted joints he carefully points out 
that lap joints actually are stronger than blind application of 
certain theories might indicate. In columns especially clear 
treatment is given of the interpretation, applicability and 
reasonableness of all the formulas. 

The chapters on initial stresses and causes and conditions 
of failure are very unusual in a book of this character, and, 
further, are very unusual in themselves, both in their subject 
matter and the clarity of their treatment. 

The first chapter is introductory and the second chapter 
gives a very brief review of the most essential principles of me- 
chanics. The third chapter treats of certain geometrical rela- 
tions which are not as a rule readily found gathered together, 
but for which the engineer has an almost constant use. 

The next chapter treats of stress and strain and the be- 
havior of materials under loads, expounding the different prop- 
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erties of solid bodies, modulus of elasticity, Poisson’s Ratio, 
changes of volume produced by stress, allowable stresses, relation 
between stress and strain and its effect on the different prop- 
erties with reference more particularly to the uses to which the 
metal is to be put, etc. 

The next four chapters treat of the relations between 
stresses and between strains at a point on different planes 
passing through that point; pure tension and compression; 
shear; and torsion. 

The ninth chapter takes up ‘‘The Inner Forces,” or the 
distribution of normal stress on a section. A chapter on flexure, 
or the theory of stress in beams, follows. In this chapter slope 
and deflection of beams due to bending and shearing forces are 
discussed, together with the principles which govern the distri- 
bution of stress and strain both for homogeneous and non- 
homogeneous beams. 

The eleventh chapter treats of shears, moments and influence 
lines, giving the principles underlying the finding of shears and 
moments and the construction and use of influence lines. 

The next chapter treats of slope and deflection of beams in 
pure flexure. Four methods are given, all for finding slope and 
deflection. A number of different eases are worked out com- 
pletely, showing the application of all four methods and the 
identity of results produced by them, also incidentally indicating 
which method is simpler in a given case, and clearly indicating 
the limits of the various processes. 

The chapter on combined stresses follows, giving exact 
and approximate methods of solving various problems, together 
with some examples from practical cases. The chapter closes 
with certain remarks about combined stresses and specifications 
regarding them. The closing paragraph of the chapter is so 


characteristic of the comments made throughout the book that 
it is here quoted in full. 


99 


This specification is of course inaccurate, as any such specification must 
be, but it is definite. If specifications are to be used and followed, they 
should be definite, even if wrong, for an error may be corrected, while an 
ambiguity cannot be interpreted, unless one party has power to decide on 
the interpretation, in which case it is only fair that he should state his inter- 
pretation and make the specifications definite, in order that the other party 
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to the contract may know what to expect. Many engineers, however, prefer 
to have this matter vague, perhaps because they are not clear on it themselves, 
but do not like to say so. 


The next chapter on continuous and cantilever beams is 
followed by chapters on reinforced concrete beams and riveted 
connections. 

The chapter on columns is especially noteworthy for its 
presentation and discussion of all the types of formulas that 
are in use, and the careful discussion of these different formulas 
with reference to their underlying assumptions and their appli- 
cability under different conditions. 

Hollow cylinders, both thin and thick, are treated briefly, 
and are followed by chapters on testing of materials and re- 
peated stresses and fatigue. 

It is especially noteworthy that the book includes chapters 
on initial stresses in materials, causes and conditions of failure 
of a material, and closes with a chapter headed ‘‘Mathematics, 
Testing and Common Sense.”’ 

It is carefully kept before the reader throughout the whole 
book that the philosophy and logic of the subject are what must 
be considered first; in other words, the physical and philosophical 
Side as distinguished from the purely mathematical. Mathe- 
matics are used very considerably, not as an end but as a means, 
and perhaps the author’s attitude towards it can be indicated 
no better than by quoting from the last chapter: ‘‘Just as there 
is no vice worse than excessive or misapplied virtue, so there is 
no engineering mistake worse than excessive or misapplied 
mathematics, though many people seem to think that there 
cannot be an excess of it.’’ He goes on to point out that the 
danger in the use of mathematics is that the machine itself is 
so interesting that attention will be concentrated upon it and 
diverted from the data, which are really the more important, 
and which actually define and control the accuracy of the result. 
He further points out that merely because mathematics is in 
itself accurate, many think that the results of mathematical in- 
vestigations must be true, even though the data to which the 
mathematics is applied are incorrect. The author quotes John 
Stuart Mill as follows, that applications of mathematics should 
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be studied ‘‘in such a manner that the intellect is aware of what 
it is about, and does not go to sleep over algebraical symbols.”’ 

The author then goes on to say that all this is no criticism 
of mathematics, but is merely a caution against its misuse and a 
criticism on the manner in which it is frequently taught and 
studied. He also pays his respects to the modern tendency to 
test everything, and points out that very often a test is merely 
a mentally lazy way of arriving at a result which might be 
reached more accurately by logical processes of thought. 

The book is a remarkable one, both for the immense amount 
of ground which is covered in a comparatively brief space and 
the clearness with which underlying principles are emphasized. 
Professor Swain not only thinks clearly and logically, but is also 
the possessor of a happy faculty of succinct, and at the same 
time clear and unmistakable, language. When to this is added 
the ripe fruits of over forty years of combined teaching and 
engineering experience, the result is bound to be well worth 
while. The reader is led along the processes of logical thought 
and deduction, and not through an endless realm of mathe- 
matical symbols, although the careless or superficial reader might 
think the latter from the appearance of some of the pages. The 
usual aridity of presentation of this subject is largely avoided 
and is further relieved by continual common-sense comment an 
occasional flashes of that trenchant humor of which the author 
is master. 

If one accepts the definition of a treatise to be ‘‘a work 
intended to supersede thought on the part of the student,” this 
book does not come under that head. To read it understandingly, 
one must read and reflect. As a text, the reviewer would not 
recommend it either to a lazy student or to a lazy teacher, but 
to one who is willing to read and study thoughtfully, no better 
presentation of the subject can be found. 

The author has followed a very unusual course in present- 
ing various plausible and more or less current theories and then 
showing why they are fallacious. In this he has evidently been 
actuated by the belief that one ought not only to know the true, 
but also the false, in order that one may distinguish between 
them and may not be confounded by the sudden production of 
a plausible theory which cannot readily be controverted on the 
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spur of the moment. Throughout the book the author has not 
hesitated to express his own opinions, which gives the book a 
very human touch and adds materially to its interest. 

The book is really a great addition to engineering literature, 
and although primarily ‘a text, it brings out so clearly under- 
lying principles and the limitations of our knowledge that no 
engineer who deals with strength of materials in any way can 
afford to be without it. ; 
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sentre St., W. Roxbury Salem Street 

Tel. Parkway 2230 Tel. Malden 1510 & 0483 


WARREN FOUNDRY and PIPE co. 


(FORMERLY WARREN FOUNDRY AND MACHINE COMPANY) 
MANUFACTURERS OF 


Cast Iron Gas and Water Pipe 
FLANGE PIPE SPECIAL CASTINGS 


201 Devonshire St., SALES Il Broadway, 
BOSTON, MASS. OFFICES NEW YORK 


PERRIN, SEAMANS & C0. 


Machinery, Tools and Supplies 


FOR 
Construction Work 


57 OLIVER STREET, BOSTON 


U. HOLZER, Inc. 
BOOK - BINDER 


333 Wasutncton Sr., OrrosireE Mix Sr., or 24 Province ST. 


ESTABLISHED 1870. 


ll kinds of Books bound and repaired. Main Shop 
laps and Charts mounted. 
ortfolios, Scrap Books, Blank Books, etc., made to order. at 
ettering in Gold; Paper-Splitting ; Inlaying; etc. Hyde Park 
hotographs Mounted on Card or Paper without Cockling. 
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EASTERN BRIDGE 


2 
® 2. STRUCTURAL GO 


Worcester, Massachusetts, 


For Prices on all Classes of 


STEEL AND IRON WORK. 


WE DESIGN AND MANUFACTURE 


ROOF TRUSSES, GIRDERS, COLUMNS, STAIRS 
AND FIRE ESCAPES FOR BUILDINGS .... 


FOOT BRIDGES, HIGHWAY BRIDGES, RAILROAD BRIDGES 


We Carry a Large Stock of 
I-BEAMS, PLATES AND ANGLES 


Can Make Quick Deliveries. 32 Q Send in Your Inquiries. 


THE EXTREME HIGH QUALITY OF 


PENNSYLVANIA PORTLAND CEMENT 


MAKES ITS USE ESSENTIAL WHERE 
WORK OF THE HIGHEST CLASS IS DESIRED 


PENNSYLVANIA CEMENT CO. 


NEW YORK OFFICE BOSTON OFFICB 
131 East 46th St. 161 Devonshire St. 


WALDO BROS. AND BOND COMPANY 
Building Material and 


Construction Equipment 


zy 


181 CONGRESS STREET, BOSTON, MASS. 
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CONANT MACHINE CO. 
omen may (SCIENTIFIC BOOKS 
AND PERIODICALS 
THE OLD CORNER BOOK STORE 


SPROCKETS 
CHAINS 
4{f\ BUCKETS 


Con- VAN ae A 
aa A = cd Concord Jet., 390 Bromfield Street 


eiges a BOSTON, MASS. 


CONANT GRAVEL LOADER 


PORTER W. DORR TELEPHONE 
MANAGER MAIN 0283 


THE ELECTRIC BLUE PRINT Co. 


36 BROMFIELD STREET 
BOSTON, MASS. 


H. P. J. EARNSHAW 


99 CHAUNCY STREET 
BOSTON 


Rentals with Expert Operators a Specialty 


JOHN E. PALMER 


Contracting Engineer 


Contractor for Sewers, Water Works, 
Concrete Bridges, Concrete 
Foundations, etc. 


Room 1012, Old South Building 
Bosion, Mass. 


Telephone, Fort Hill 1731 


B. F. SMITH & CO., INC. 
EstaBLISHED 1878 
Engineers and Contractors 


ARTESIAN AND DRIVEN WELLS 
FOUNDATION BORINGS 


79 MILK STREET 
BOSTON, MASS. 


SLUE, BLACK AND 
VANDYKE PRINTING PHOTOSTAT 
ON PAPER OR LINEN PRINTS 


JOHN G. HALL & CO. 
1i4 STATE STREET, BOSTON 


—-PILING— 


A SPACE THIS SIZE COSTS 
ONLY $10.00 FOR A YEAR 
(TEN ISSUES). 


New England Foundation Co., Inc. 


Engineering and Construction 
Simplex Concrete Piles 


Caissons — Difficult Foundations 
120 TREMONT STREET BOSTON, MASS, 


RIDEOUT, CHANDLER & JOYCE 


Engineers and Piping Contractors 
178 HIGH STREET - BOSTON, MASS. 


Steam Specialties, Engineers’ Supplies 
Piping cf All Kinds Furnished or Brected 


Roy H. BEATTIE|]COLEMAN BROS., Inc. 


N F. COLEMAN, Pres. and Treas. 
Harbor Improvements i : 


Divers :: Lighters General Contractors and Builders 


Main Office 
10 PURCHASE STREET 245 STATE STREET, BOSTON 
FALL RIVER, MASS. 


Brewer Building CONGRESS 6886 
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NEW LOCATION BETTER AND LARGER QUARTERS 
25 Pearl Street, Boston 


BLUE, BLACK AND VANDYKE PRINTS 
GELITHO REPRODUCTIONS 
SUPPLIES 


Telephones, Main 8482 and 8483, Connecting All Departments 


WRIGHT & POTTER 
PRINTING COMPANY 


COMMERCIAL PRINTERS 
32 Derne Street, - - Boston, Mass. 


‘THIS entire building devoted to 
all kinds of Book, Job and 
Catalog Printing and Binding 


Tel. Haymarket 2000-=200!1-2002 


CONTRACTORS 


River and Harbor Improvements, 
Sea Walls, Breakwaters, Heavy 
Masonry Construction. 


62 Condor Street, East Boston, Mass. 


JAMES E. CASHMAN, Treas. 
GORHAM H. WHITNEY, Prest. DAVID J. WHITE, Gen. Mér. 
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T. Stuart & Son Company 


General Contractors 
OES 


NEWTON, MASSACHUSETTS 


THE CRANDALL ENGINEERING COMPANY 


CONSULTING AND 
CONSTRUCTING ENGINEERS 


DESIGN of Floating, Basin, and Railway Dry Docks, 
Wharves, Piers, Bridges, etc. 


CONSTRUCTION of these and other Engineering 


Structures 


102 BORDER STREET 
EAST BOSTON, MASS. 


Please mention the Journal when writing tc Advertisers 


xii ADVERTISEMENTS. 


“from stake tack to transit” 
“from thumb tack to blue print” 


A complete line of field and office equipment 
and supplies 


We make a specialty of repairing Surveying 
Instruments 


Send for Catalogue 


B. L. MAKEPEACE Inc. 


387 WASHINGTON ST. 
394 BOYLSTON ST. 


BOSTON, MASSACHUSETTS 


ae Sa Pe” CMT 

GRID FLAT SLAB CORPORATION 

568 COLUMBIA ROAD 
BOSTON 25, MASS. 
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WHEN YOU DECIDE ON 


GRANITE 


FOR 
CURBING OR PAVING 


YTOUSSET TLE THE PROBLEM 


FOREVER 


GRANITE PAVING BLOCK MANUFACTURERS’ 


ASSOCIATION OF THE U. S., INC, 


31 STATE STREET, BOSTON 
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Drafting Room Supplies 


Complete Equipments 
for 
Architects, Engineers and Contractors 
DRAWING TABLES DRAWING INSTRUMENTS 
DRAFTING PAPERS INKS AND COLORS 
TRACING PAPER TRACING CLOTH 


Manufacturing Blue Printers 
Blue Print Papers and Cloths 


Prompt service on Photostat Prints and Blue Prints 
Consult us on your Photostat reproductions 


SPAULDING-MOSS CO. 


SS) 
‘ 


42 FRANKLIN ST. i x: Boston, MASs. 


THE BOSTON BRIDGE WORKS, INC. 


ESTABLISHED 1876 


47 WINTER STREET BOSTON, MASS. 


STEEL BUILDINGS AND BRIDGES 


GEO. A. BLAIR L. L. STREET W. 0. WELLINGTON 


ISAAC BLAIR & CO., Inc., General Contractors 
Shoring and Moving Buildings a Specialty 
433 Harrison Avenue, BOSTON 
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LEIGHTON-MITCHELL Co.|} GIANT 


PORTLAND CEMENT 


BUILDERS 
A Standard Brand since 1883 
99 CHAUNCY STREET RELIABILITY - - UNIFORMITY - - SERVICE 
BOSTON GIANT PORTLAND CEMENT Co, 


PHILADELPHIA NEW YORK BOSTON NORFOLK 


TEL, BEACH / 777° es 
lz7771 CONCRETE FOR PERMANENCE" 


A BUSINESS CARD in this Journal shows 
your interest in the Society and your 


appreciation of the patronage of its members 


een COMPANY 


Industrial Construction 
Sand and Gravel 
1i8 FIRST STREET CAMBRIDGE, MASS. 


CANADIAN FACTORY 


MAIN OFFICE & FACTORY BOSTON INSULATED W!IRE 
& CABLE CoO., LTD. 
DORCHESTER DISTRICT 


BosTON 25, MAss. 


HAMILTON, ONTARIO 
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STONE & WEBSTER 


Incorporated 


DESIGN steam power stations, hydro- 
electric developments, trans- 
mission lines, city and interurban 
railways, gas and chemical plants, 
industrial plants, warehouses and 
buildings. 


CONSTRUCT either from their own designs 
or from designs of other engineers 
or architects. 


MANAGE public utility and industrial com- 
panies. 


REPORT on going concerns, proposed 
extensions and new projects. 


FINANCE industrial and public utility 
properties and conduct an invest- 
ment banking business. 


NEW YORK BOSTON CHICAGO 
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STANDARD REFINED MEXICAN ASPHALTS 


(SOCONY Brands) 


Furnished of required penetration and 
specifications for construction of Asphalt 
Macadam and Asphalt Concrete Roads, 
and for Sheet Asphalt, Asphalt Joint 
Filler and Bridge Asphalt. 


Standard Macadam Asphalt Binder for penetration applied by 
SOCONY Asphalt Sprayers under pressure, at 
suitable temperature 


QUOTATIONS AND SPECIFICATIONS FURNISHED ON REQUEST 


STANDARD OIL CO. OF NEW YORK 


NEW ENGLAND DEPARTMENT 


Park Sq. Building, 31 St. James Ave., Boston, Mass. 


CONTRACTORS 


Why not place a card in this 
JOURNAL? 


For advertising rates apply to the Editor 


715 TREMONT TEMPLE, 
BOSTON, MASS. 
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LIBRARY AND MEETING PRIVILEGES ARE EXCHANGED WITH © 
THE FOLLOWING ORGANIZATIONS: 


American Institute of Electrical Engineers, 33 West 39th St., New voceh 


_ American Institute of Mining and Metallurgical Engineers, 29 West 
39th Street, New York. 

American Society of Civil Engineers, 33 West 39th Street, New York, 
American Society of Mechanical Engineers, 29 West 39th St., New York. af a 
Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, N. ¥. a : 
Cleveland Engineering Society, Hotel Winton, Cleveland, Ohio. Bsr 3 


Detroit Engineeritig Society, Detroit Board of Commerce Building, \: 
Detroit, Mich. 


Engineering Association of Nashville, Chamber of Commerce Bide, i 4 
Nashville, Tenn, 


Engineering Institute of Canada, 176 Mansfield St., Montreal, cikaniee i 2 


Engineers’ Club of Baltimore, So. East cor. Light and Redwood Bes | « “ 
Baltimore, Md. 


Engineers’ Club of Dayton, cor. Monument Avenue ang ‘ollersom_ ty 

Street, Dayton, Ohio. ay 
Engineers’ Club of Kansas City, Room 609, K. C. 8. Building, i 

Kansas City, Mo. — cat . 
Engineers’ Club of Philadelphia, 1317 Spruce Street, Philadelphia, Pa. ; 
Engineers’ Club of St. Louis, 3817 Olive Street, St. Louis, Mo, rs : 
Engineers’ Club of Toronto, 96 King Street, West Toronto, Canada. — aa. 
Engineers’ Society of Pennsylvania, 31 South Front St., Harrisburg, se ; 


““Bngineers’ Sockety. of Western Pennsylvania, William Penn Hotel, S 
Pittsburgh, Pa, a. 


Louisiana Engineering Society, State Museum Bldg., Jackson quare, 
New Orleans, La. ss Sa 
Montana Society of Engineers, Butte, Mont. 


Pacific Northwest Society of Engineers, 803 Central Blag., 
Washington. 


Rochester Engineering Society, 131-186 Sibley Bldg., Rochester, NY m3 
Technology Club of Syracuse, Vinney Bldg., Syracuse, N, x fens 
Vermont Society of Engineers, Montpelier, Vt. Barend F 
Western Society of Engineers, 1785 Monadnock Block, onieago, 0 ei 
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